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PREFACE

The work described in this report was performed for the US Army Engineer

District, Pittsburgh, by personnel of the US Army Engineer Waterways Experiment

Station (WES). The work was authorized by DA Form 2544, No. ORPED-85-31,

dated 16 May 1985.

The testing program was accomplished under the direction of Bryant Mather,

Chief, Structures Laboratory (SL), WES, and Mr. John M. Scanlon, Jr., former

Chief, Concrete Technology Division (CTD), and Mr. Ken Saucier, Chief, CTD.

All of the core drilling was conducted by WES under the direction of Mr. Mark

A. Vispi, Chief, Exploration Group. Laboratory work in the CTD was done with

the assistance of Mr. Joe G. Tom, Mrs. Joyce C. Ahlvin, and Mr. J. Pete Burkes.

This report was prepared by Messrs. Wong and Stowe with assistance from Mrs.

Ahlvin and Mr. Tom.

COL Dwayne G. Lee, CE, is the Commander and Director of WES. Dr. Robert

W. Whalin is Technical Director.
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EXHIBIT 1: PHOTOGRAPHIC RECORD OF DRILLED CORE*

* On file with US Army Engineer District, Pittsburgh.

3



CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-ST units of measurement used in this report an be converted to SI (metric)

units as follows:

Multiply By To Obtain

degrees (angle) 0.1745329 radians

feet 0.3048 metres

feet per second 0.3048 metres per second

inches 25.4 millimetres

miles (US statute) 1.609344 kilometres

pounds (force) per 0.006894757 megapascals

square inch

pounds (mass) per 16.01846 kilograms per
cubic foot cubic metre

tons (force) per 0.09576052 megapascals

square foot

4



CONDITION SURVEY OF LOCK NO. 2

MONONGAHELA RIVER

PART I: INTRODUCTION

Project Description

1. The following description of the project is taken from the first

periodic inspection report of Locks and Dam 2 (US Army Engineer District,

Pittsburgh, 1973). Locks and Dam 2 are located on the right bank of the

Monongahela River 11.2 miles* above the mouth at Pittsburgh (Plate 1). The

dam is a fixed crest weir with crest at elevation 718.7; the dam is part of

the original structure constructed between 1902-1906. Of the existing locks,

the 56-ft by 360-ft riverward lock was reconstructed riverward of the original

locks and completed in 1951 using the original landward chamber to maintain

traffic. The 110-ft by 720-ft landward chamber was constructed after comple-

tion of the new riverward chamber which was used to maintain traffic and was

compieted in 1953. A general plan view and cross-sectional view of the locks

are presented in Plate 2. This plate is also taken from the first periodic

inspection report.

Background

2. The Waterways Experiment Station (WES) was requested by the US Army

Eng-neer District, Pittsburgh (ORP for Ohio River, Pittsburgh), to conduct a

condition survey at Lock and Dam No. 2. The ORP provided design, construc-

tion, operation and maintenance information and data on the structures. The

First Periodic Inspection Report dated 25 August 1973 and the Second Periodic

Inspection Report dated 15-16 June 1978 were reviewed for information perti-

nent to the concrete. The survey consisted of a site inspection to determine

the general condition of the concrete and to locate borings. Following the

site visit, it was recommended that a crack survey not be performed at this

time due to the relatively good condition of the concrete and the lack of

* A table of factor for converting non-SI units of measurement to SI (metric)

units is presented on page 4.
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cracking. The drilling program was approved by the District while some of the

boring locations were approved during the drilling operation.

Objective

3. All efforts were limited to locks structure. The condition survey

of the much older dam was not part of this effort. The dam is submerged at

all times and did not lend itself to a detailed condition survey without major

efforts to dewater the structure. The dam will be addressed by the District.

The objectives of the condition survey are: (d) Identify the processes or

materials causing distress or failure of the concrete and the probable extent

of such damage, (b) determine the ability of the concrete to perform satisfac-

torily under anticipated conditions of future service, and (c) determine

selected physical and mechanical properties of the foundation and associated

materials as they relate to possible stability analysis of the structure. The

District would perform a stability analysis if necessary.

Scope

4. This report presents: (a) The drilling effort involved in recover-

ing samples of concrete, foundation rock, and backfill material associated

with the project, and (b) the physical condition and extent of damage of

in-place concrete using visual, petrographic and physical property information

and data. Selected physical properties of core samples were determined using

standard Corps of Engineers test r?thods.
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PART II: PRELIMINARY STUDY

5. A WES geologist made a brief inspection of the lock structure to

determine the general condition of the concrete* in the different elements of

the lock and select boring locations. The guide walls, guard walls, and the

lock walls were inspected for signs of concrete deterioration with special

emphasis on cracking and possible chemical attack and aggregate reaction.

6. There was no intent during this initial inspection to provide

details of where cracking occurred or specifically locating areas of distress

in the structure. If a crack survey and surface mapping were thought neces-

sary, such work was to be proposed. As a result of this preliminary inspec-

tion, it was determined that no further documentation of the concrete

condition was necessary.

7. The lock crew provide a work barge to allow closer observation of

the concrete within the lock chamber both at the upper and lower pool eleva-

tions. While on the barge, the upper and lower guide walls and the river side

of the river lock wall were inspected.

Esplanade

8. The concrete is generally in good condition with the individual

panels intact. Some relative displacement of panels is evident. The surfaces

of the panels are similar in appearance to that of the mass concrete with some

exposure of coarse limestone aggregate. Fifty percent aggregate exposure is

evident in many of the panels.

Upper Guide Wall

9. The backfill from monolith 15 to monolith 24 is below the top of

the guide wall while the backfill from monolith 25 to monolith 29 is above the

top of the wdll as it is for the rest of the guide wall. It is grassed and

shows no signs of any depressions (Figure 1). There are fine-to-medium trans-

verse cracks* at one-third points between the monolith joints. Surface

* See ref American Concrete Institute Committee 201, 1980, for definition of

terms associated with the durability of concrete.
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Figure 1. Grassed area behind upper guide wall

deterioration on the top of the wall is limited to exposure of the limestone

coarse aggregate with approximately 15 percent of the surface affected.

10. The river face is armored from the service bridge for the emergency

dam to the upstream end of the wall. The concrete is intact and only shows

light weathering. There is some light scaling along the monolith joints.

Land Wall

11. Horizontal surface. The concrete on this surface is in good condi-

tion with approximately 15 percent of the surface displaying signs of aggre-

gate dissolution in which the aggregate appears etched as the paste remains

standing in relief. Short fine-to-medium cracks are found associated with

structural features such as openings in the concrete and mooring pins.

12. River face. The surface is generally in good condition. Below the

upper pool elevation there is some minor spalling of the monolith joints.

Surface above the upper pool shows 20 percent exposed aggregate and small

joint spalls (Figure 2).

13. Gate recesses. The upper gate recess has been refaced, and the

concrete is in good condition. There is some cracking of the concrete around

8



Figure 2. River face of the land wall, large chamber

a recent concrete repair running diagonally from the pintle area near the

opening winch recess. The concrete in the lower gate recess is similar to

that in the upper gate recess. Some hairline cracks are present on the gate

recess face below the gate machinery recess floor line.

Lower Guide Wall

14. The concrete is uniform along the entire wall. The concrete is in

good condition with apparent solution of the crushed limestone coarse aggre-

gate leaving the paste in relief. Some medium-to-fine transverse cracks are

present in the monoliths. Alignment of the monoliths is good. Vegetation is

growing from the joints on top and on the vertical faces in the settling basin

for U.S. Steel Corp.

Middle Wall

15. Horizontal surface. The exposure of the limestone coarse aggregate

was more pronounced than that of the land wall with an estimated 30 percent of

the surface exposed (Figure 3). Popouts on the surface concrete were sometimes

numerous (Figure 4) which lends some additional evidence to the possibility of

9



Figure 3. Solution of coarse aggregate particles gives
an exposed aggregate appearance to the concrete

Figure 4. Pop-outs caused by nondurable aggregate particles
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some low durability aggregate as "D" cracking was observed at monolith joint

M-20/M-19 and monolith joint M-22/M-23 as well as around machinery openings in

monoliths M-24 and M-25. Cracking of the concrete in monolith M-3 around the

lock crane support was evident. Pattern cracking was present in many of the

monoliths such as in monoliths 12, 16, and 19. The joint on the river side of

monoliths M-24/M-25 was severely cracked with some indicated displacement.

16. Land face. The concrete above upper pool elevation is in good con-

dition. The concrete below the upper pool elevation contained approximately

5 percent severely scaled concrete and approximately 30 percent lightly-scaled

concrete. Severe spalling was present along the monolith joints (Figure 5).

17. Gate recesses, large lock. The upper-gate recess concrete is in

good condition with little weathering. The joints are as cast. The concrete

in monolith M-5 in the vicinity of the opening winch is severely scaled with

efflorescence outlining numerous cracks contained in localized areas. The

lower gate recess has some spalling of the concrete with some concrete in the

process of falling off. In general, the concrete is in good condition.

Figure 5. Severe spalling along monolith joints in land
face of middle wall

18. River face. The concrete above the upper pool elevation contains

some medium scaling affecting 75 percent of the area. Some small spalls are

11



evident along joints below the upper pool elevation. There is some spalling

between upper and lower pool elevations, but generally the concrete is in good

condition.

19. Gate recesses, small lock. Some scaling is evident in the concrete

especially below the upper pool elevation where 80 percent of the area is

affected. Some cracking was observed near the corners of grated openings

associated with the gate machinery. Minor spalling was observed.

River Wall

20. Horizontal surface. The concrete has an exposed aggregate appear-

ance with 30 percent of the conc:rete affected. Seventy percent of the con-

crete surface is slightly eroded with some popouts. There are many incipient

hairline cracks along the edge armor. The corners of the monoliths show signs

of "D" cracking, but the surface concrete is generally in good condition.

21. Land face. Above the upper pool elevation, the concrete is gen-

erally in good condition. Ten percent of the surface has an exposed aggregate

appearance. Some iron staining is present. The armor is in good condition

and is in intimate contact with the concrete. The joints above the upper pool

elevation are as cast while the monolith joints below upper pool elevation are

commonly spalled especially in the non-armored areas. Ten percent of the sur-

face is scaled below the upper pool elevation.

Upper Guard Wall

22. Cracking is common around the light posts. Exposed aggregate is

visible over 30 percent of the surface. Some minor popouts are present, and

fine healed hairline cracks parallel the corner armor. The land-wall face is

armored from the upper gate recess to monolith No. 1. Exposed aggregate is

evident for about the upper 2 ft of concrete and affect approximately 15 per-

cent of the area. The concrete below 2 ft is in good condition.

Lower Guard Wall

23. Lower guard wall. The land face is armored from the lower gate to

the downstream end of the wall and is in good condition. There is some slight

12



spalling of the joints generally near the lower pool elevation. About 15 per-

cent of the surface has an exposed aggregate appearance. Efflorescence is

present in the upper I ft of monoliths R-24 and R-29 through R-31. Cracking

of the upper surface is present in monoliths R-29 through R-31. Severe scal-

ing is present in 2 percent of monolith R-30.

13



PART III: DRILLING OPERATION

24. Following the on-site inspection, a drilling plan was formulated to

investigate the different qualities of concrete represented in the lock walls,

Plate 3. The requirements to obtain foundation samples for purposes of

evaluating the foundation condition and conducting physical property tests

were considered in locating the concrete borings. The borings were distri-

buted as follows:

Number of Core Depth, ft
Location Borings Size, in. Vertical Horizontal Remarks

Upper guide wall 1 4 10 Concrete

Land wall 3 6 80 Backfill & rock
(omitted one)

Land wall 2 6 3 Concrete

Land wall 2 6 10 Concrete (R-17

Extended)

Lower guide wall 1 6 10 Concrete

Middle wall 2 6 80 Concrete & rock

Middle wall 4 6 3 Concrete

Upper guard wall 1 6 10 Concrete

River wall 1 6 10 Concrete

(omitted)

River wall 1 6 80 Concrete & rock

River wall 2 6 3 Concrete

Lower guard wall 1 6 3* Concrete

Lower guard wall 1 6 10 Concrete

* Inclined.

25. This plan was modified during the drilling program to accommodate

unanticipated adverse drilling conditions and logistics in setting up at

14



several boring locations. One alternate boring was drilled (BR WES L-7A)* as

a 5-in. (i.d.) steel pipe was intersected at approximately 5.4 ft. Two sched-

uled borings, L-8 into the backfill and foundation rock and R-2 adjacent to

the service crane on the river wall, were not drilled because of logistics

problems. Proposed boring L-8 was one of 3 borings into the backfill and

foundation rock. There were difficulties encountered in drilling backfill

borings L-2 and L-5; i.e. slag, silt, mud, sandstone boulders, brick and

pieces of steel were frequently encountered in an unconsolidated state.

Because it was difficult to drill and obtain samples of such a variety of

materials, it was decided that the third boring would not be drilled.

However, boring L-7A in the land wall was extended to include the foundation

rock representing the downstream portion of the lock.

26. The drilling plan consisted of 21 borings with 8 horizontal borings

into the lock walls, one inclined boring into the lower guard wall, and

12 vertical borings into the lock and backfill with six of the vertical bor-

ings going into foundation rock. Pertinent information concerning the boring

number, depth of hole, core size, direction of boring, elevation top of hole,

elevation top of rock, and elevation bottom of boring is presented in Table 1.

General boring locations are illustrated in Plate 3; detailed locations are

illustrated in the field logs, Appendix B.

27. WES provided two drill crews for the field operation. Two geolo-

gists from WES and one from the Pittsburgh District were present during the

drilling. All concrete and foundation material were logged by the field

geologists. Photographs were made of all cores soon after the cores were

removed from the core barrel (Exhibit 1).

28. The drill crews and equipment arrived at Locks and Dam No. 2 on

18 October 1985. The district provided barge and crane support in moving the

drill rigs from L/D No. 4 where a drilling program had just been completed.

29. Equipment used during this project included: a Failing 1500 truck

mounted rig used to drill all the vertical borings on the land wall and into

the backfill, an Acker skid rig and a Failing Model 43-6A skid rig used to

drill the deep holes in the middle wall and river wall, and a KOR-IT

• Boring designation: BR for the town of Braddock in which the project is

located; WES for the drilling agency; L-7A for land wall, number of boring
and A for alternate boring. All other references to borings will be done
using the wall designation letter and number of the boring.
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Series K-100 portable rig used to drill the horizontal holes and vertical bor-

ings not accessible using the skid rigs or the truck-mounted rig.

30. The lockmaster provided a work flat for the drill crews to operate

equipment while drilling the horizontal borings within the lock chambers. The

vertical position of the work flat was positioned by raising and lowering the

pool level within the lock chamber. Anchor bolts were placed into the con-

crete and held the drill to the wall during the drilling operation (Figure 6).

Figure 6.

31. The split-spoon samples were collected, placed, and sealed in

6 x 12-in. plastic concrete cylinder molds. The rock cores were wrapped and

waxed to protect the core and prevent moisture loss. The cores were then

placed in wooden core boxes and readied for shipment to WES. The concrete

cores were put into wooden core boxes to prevent damage during transportation.

All rock cores, concrete cores, and samples placed in the cylinder molds were

shipped to WES for examination and testing.

32. Drill Manufacturers Association standard 6 x 7 3/4-in. and 4 x

5-in. double tube swivel tub core barrel was used with diamond Li.0 co obtdin

the concrete and bedrock core in vertical borings. A single tube core barrel

16



with a diamond bit was used to take the horizontal cores and some of the shal-

low vertical cores.

33. Borings into the backfill were filled by allowing the surrounding

material to slough when the casing was removed. All holes resulting from

concrete borings were filled using a prepackaged concrete. The horizontal

holes were filled with a relatively dry mixture while the vertical holes were

fliled using a more workable mixture of the same material.

34. Concrete core recovery was 100 percent for all concrete cores

except one. A short interval in boring R-5 at approximately 55-ft depth was

ground up during the drilling operation and was removed from the core barrel

in fragments. The rock recovery was good for all cores into the foundation

with an average recovery of 94 percent. Only 80 percent of the rock in boring

L-5 was recovered while recovery in the other borings ranged from 92 to

;v percent.

35. Samples of backfill material were taken every 5 feet. The material

ranged from loosely consolidated slag particles to zones of clay silt material

(Figures 7 and 8). Approximately 115 ft of backfill was drilled and sampled,

much of it required casing to prevent sloughing of adjacent material. A total

of 328.8 ft of concrete core and 185.95 ft of foundation rock was cored.

36. The drilling program was completed 18 February 1986. During this

field operation several days were lost due to subfreezing temperatures in

which the wind chill factor went as low as -40*F. Other delays included two

work stoppages due to flooding of the lock structure (Figure 9), once from

27 November through 29 November 1985 and once from 5 February through 7 Feb-

ruary 1986.

17



Figure 7.

Figure 8.
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Figure 9.
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PART IV: GEOLOGY

37. The lock site geology is taken from the Periodic Inspection and

Continuing Evaluation of Completed Civil Works and Structures "Monongahela

Lock and Dam No. 2, Monongahela River, Pennsylvania First Periodic Inspection

Report, 28 August 1973."

38. The basin of the Monongahela River is located in the Allegheny

Plateau province and is carved out of gently folded shales, sandstones, thin

limestones, and coals of the Carboniferous system. The basin is essentially a

dissected plateau in which are developed in varying degrees the Schooly, Har-

risburg and Worthington peneplains. The land slopes are steep except on a few

terraces and relatively narrow flood plains within the main valley. The bed-

rock encountered in the borings belong to the middle members of the Conemaugh

formation of the Pennsylvania series. Underlying the alluvial fill are the

basal few feet of the Upper Pittsburgh redbeds member, the thin Jane Lew sand-

stone, not over 3 ft thick, the Lower Pittsburgh redbeds member, a siltstone,

about 40 ft thick, and the extremely fossiliferous Wood Run limestone member.

39. Six borings were made into the foundation rock during the current

project. Four borings were made through concrete walls, and two borings were

made through the backfill behind the land wall. The deepest rock boring was

L-7A taken to elevation 611 ft. The other cores were taken to obtain approx-

imately 20 ft of rock core from each boring and were generally to elevations

near 640 ft.

40. The backfill material consisted of a variety of different materi-

als, most of which were clay, silt and pea-size gravel. Also included were

flakes of steel, pieces of brick, particles of slag, large size sandstone

pieces, and chunks of steel. These materials were common to both backfill

holes. The foundation rock began at elevation 667.3 ft in boring L-2 and at

elevation 675.6 ft in boring L-5. Boring L-2 consisted of shale to elevation

658.5 ft where the rock became more silty to the end of the boring at eleva-

tion 646.5 ft. Boring L-5 consisted of clay shale, fractured shale, and brown

shale to the end of the boring at elevation 657.3 ft. Some soft-clay shale

was present in both holes at the backfill to foundation rock contact.

41. Boring L-7A was the only boring drilled in the land wall, and it

went into foundation rock. The concrete to foundation interface was intact at

elevation 671.6 ft (56.9-ft depth). Foundation rock consisted of clay shale

20



rubble, silty shale, and clay shale with slickensides evident on break sur-

faces. The boring went to elevation 611 ft.

42. Foundation cores were taken at the upper and lower end in the mid-

dle wall. Two borings, M-1 and M-6, through the middle wall and into the

foundation rock intersected the foundation at elevations 672.15 ft and

667.1 ft. The concrete to rock contact was not intact. Boring M-1 consisted

of a mixture of soft to moderately hard clay shale, red shale, gray shales,

and brown clay shale while the rock in boring M-6 was generally a gray

moderately hard silty shale with numerous healed fractures.

43. Boring R-5 was the only hole drilled in the river wall that inter-

sected the foundation rock. The concrete foundation interface at elevation

663 ft was not intact as the rock fragments were in contact with the concrete.

The rock was generally intact and consisted of a moderately hard sandy shale

with calcareous inclusions.

44. Previous boring data indicate the foundation rocks in this area

consist of indurated clays, silty clay shale, moderately hard gray clayey

siltstone, and medium hard to hard gray siltstone. The current description of

the foundation cores parallels the descriptions of the rocks previously cored

as described in the First Periodic Inspection Report.
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PART V: TEST SPECIMENS AND TEST PROCEDURES

Cores Received

45. Approximately 630 ft of core was received at the WES from 21 total

borings. Twelve of these b rings were vertical, ranging in depth from 1.7-ft

to 119-ft, for a total of 601 ft. There were 8 horizontal borings, all of

approximately 3-ft depth, totaling 25 ft of core. One inclined boring was

made to a depth of 3 ft.

46. Core boxes were stored in a local warehouse near the project site

for protection from the weather until the job was completed, and they were

shipped to WES. All the cores were received in good condition, and no sample

damage due to rough handling was detected. Once the cores arrived at the WES,

they were stored inside to minimize effects of exposure to normal weathering.

47. In addition to concrete and rock cores, samples in 8 plastic bags

and 24 plastic cylinders were received. These samples consisted of material

recovered from the backfill area of the land wall in two holes and rubble

material from bedrock in one hole. These samples were sealed to prevent loss

of moisture and were also received undamaged. Pertinent information concern-

ing the concrete and rock samples as received is presented in Table 1.

Selection of Test Specimens

48. A visual examination of all cores received was made in the labora-

tory to supplement the field boring logs and to assist in the selection of

representative test specimens. Concrete specimens were selected for testing

based upon location, depth, and physical condition. Representative properties

throughout the structure could thus be obtained.

49. A total of 20 concrete specimens were selected for physical and

mechanical property testing (see Table 2). These specimens represented con-

crete from 4 deep (35 ft +) vertical borings; representing each wall, 2 shal-

low vertical borings (10 to 20 ft), and 9 horizontal borings. These specimens

represent all areas of each wall, including both damaged and sound concrete.

50. Nine concrete specimens were selected for petrographic examination.

These specimens were selected from cores that represented the different
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concrete types identified when logging in the cores. They also represented

concrete from each area of each of the three lock walls.

51. Rock core specimens for both physical testing and petrographic

examination were selected as best was possible from areas in close proximity

to the base of the structure. All test specimens for direct shear testing

were obtained within 8 ft of the concrete foundation contact; a fourth of the

specimens were from within 3 ft of the contact. Each of two identifiable rock

types were tested according to the availability of samples. Location of rock

test specimens is indicated in the appropriate tables of test resultr:.

52. The direct shear test specimens ranged in color and had different

hardnesses. The majority of the specimens were gray shale with only 1 blue

gray and three brown shales. The rock texture was similar throughout. The

most noticeable difference between the specimens was hardness. Specimens were

put into two groups based on whether they were soft to moderate hard or mod-

erate hard regardless of other features such as color. None of the shale

recovered contained detectable weak zones such as clay seams. Without the

presence of naturally occurring potentially weak zones, selection of intact

test specimens was made. Direct shear tests were conducted along horizontal

bedding planes.

53. Two borings put into the backfill revealed that a predominance of

waste products were placed as fill. Slag, silt, bricks, irregular pieces of

steel, and sandstone boulder mixed with water made core recovery extremely

difficult. Sandy clayey mud along with, and sometimes mixed with sand and

gravel was recovered. Representative samples of the backfill were taken to

the soils testing facility and in consultation with a soil specialist, it was

decided not to attempt any soils testing. There was no structure left to the

samples; and a repeated direct shear test was ruled out due to the mixed

nature of the samples plus there was not any reasonable way to arrive at a

moisture content and density which is required for reconstituting a repeated

direct shear sample. It is thought that experience and engineering judgement

avp-lable at the District could be used to approximate appropriate backfill

properties for stability calculations.
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Laboratory Test Program

Concrete cores

54. The testing program for the concrete cores consisted of the

following:

a. Petrographic examination.

b. Unit weight, y.

c. Velocity, V .- p

d. Compressive strength.

e. Elastic modulus, E.

f. Poisson's ratio, v

Rock cores

55. The testing of the bedrock cores consisted of the following tests.

The tests are grouped under either characterization tests or engineering

design tests.

a. Characterization tests.

(1) Effective (as-received) unit weight, ym.

(2) Water content, w.

b. Engineering design tests.

(1) Direct shear strength, intact (peak and residual).

Test Procedures

Petrographic examination

56. The petrographic examination was performed using general guidance

from "Standard Recommended Practice for Petrographic Examination of Hardened

Concrete," CRD-C 57-78, ASTM C 856-77 (USAE WES, 1949). Concrete from loca-

tions where deterioration existed was examined and compared to concrete from

locations where nondeteriorated concrete was recovered. This comparison pro-

vided information on types of deterioration mechanisms that acted upon the

concrete and gave indication of the depth of deterioration.

57. The petrographic examination of the rock and river sediment was

performed using general guidance from "Standard Practice for Petrographic

Examination of Aggregates for Concrete," CRD-C 127-80 ASTM-C 295-79 (USAE WES,

1949). The river sediments were also examined visually and classified using
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the "Soil Classification Chart" in "Standard Test Method for Classification of

Soils for Engineering Purposes," ASTM-D 2487-69 (Reapproved 1975).

Unit weight (y)

58. The unit weight of the concrete was determined according to "Stan-

dard Test Method for Specific Gravity, Absorption, and Voids in Hardened

Concrete," CRD-C 23-84 ASTM-C 642-82 (USAE WES, 1949). The apparent specific

gravity was determined for each selected test specimen. The specimens were

weighed in water and in air. The unit weights were then calculated by multi-
3

plying the apparent specific gravities by 62.43 lb/ft
Pulse velocity (Vp )

59. The pulse velocity was determined for the concrete according to

"Standard Method of Test for Pulse Velocity Through Concrete," CRD-C 51-70

ASTM-C 597-71 (USAE WES, 1949).

Compressive strength, elastic

modulus (E), and Poisson's ratio (v)

60. The compressive strength, elastic modulus, and Poisson's ratio were

determined according to "Standard Test Method for Static Modulus of Elasticity

and Poisson's Ratio of Concrete in Compression," CRD-C 19-83 ASTM-C 469-81

(USAE WES, 1949). Strain gages, 2 vertical and 2 horizontal, were bonded to

the specimens for purposes of measuring the axial and diametrical strains.

The electrical impulses were averaged for the two orientations of strain gages

to minimize the affects of core imperfections. Strength corrections were made

for specimens with L/D ratios less than 1.8.

61. The characterization properties tests and the engineering design

properties tests of the foundation rock were conducted in accordance with the

appropriate test method tabulated below:

Test Method

Property Rock Concrete

Characterization

Effective Unit Weight (As-Received), ym yTM 109-80

Water Content, w RTM 106-80

Engineering Design

Direct Shear Strength RTM 203-80
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PART VI: TEST RESULTS AND DISCUSSION

Petrographic Examination

62. All of the concrete examined was air entrained. The concrete

consisted of two distinct mixtures one using natural river gravel for coarse

aggregate and another mixture using a crushed carbonate coarse aggregate.

Both concrete mixtures used a natural fine aggregate. The concrete examined

in the current program is as reported in the information provided in the First

Periodic Inspection of Lock and Dam No. 2. Concrete above elevation 691.75 ft

consisted of a 3-in. top size crushed gravel as the principal mixture.

63. The concrete was generally in good condition and intact with little

or no evidence of internal cracking. Concrete from the various parts of the

structure was generally hard, dense and well consolidated. A summary of the

cores examined are presented in Plates 4 thru 20. Details of the petrographic

examination of the concrete are presented in composite field and laboratory

logging of the cores in Appendix B and in the petrographic examination of the

concrete cores as presented in Appendix C.

64. The surface of the concrete was eroded in some areas while in other

areas the surface remained intact. Some of the surface concrete appeared to

have been attacked chemically as the surfaces appeared etched with the sili-

ceous aggregate remaining in relief and the carbonate coarse aggregate etched

away leaving slight depressions in the concrete. Some popouts were present in

the concrete. The extent of any damage to the concrete seemed to be limited

to the near surface region. The following sections summarize the concrete

from the different locations of the lock structure.

Concrete Quality

Guide walls

65. The preliminary study indicated that the surface concrete was lim-

ited to some dissolutioning of the surface and exposure of the coarse aggr_-

gate. Some spalling was present along the monolith joints.

66. Two vertical borings were drilled in the guide walls, one in the

upper guide wall and one in the lower guide wall. Only slight weathering of

the surface concrete was observed in the cores. The concrete in these cores
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contained 3-in. maximum size crushed limestone aggregate. The strength of the

concrete was over 5,000 psi.

67. The boring drilled into the lower guide wall also showed surface

weathering with some light scaling. The near surface concrete was 0.5-in.

maximum size crushed limestone coarse aggregate to 1.5-ft depth where the

concrete has 3-in. maximum size crushed limestone coarse aggregate. The bor-

ing was taken along a crack. The crack extends approximately 3 ft into the

concrete. No chemical nor alkali-aggregate reaction was found associated with

the crack.

68. The tabulation below summarizes the depth of damaged concrete for

borings into the guide walls.

Damaged
Boring Direction Concrete

Structural Element Boring Horizontal Vertical Depth, ft

Upper guide wall L-1 X none

Lower guide wall L-9 X none

Guard walls

69. Fine healed hairline cracks were common in the surface concrete of

the guard walls. The concrete was slightly eroded with an exposed aggregate

appearance. Some efflorescence and scaling were also present in some

monoliths.

70. Three borings were drilled into the guard walls, two vertical

borings and one inclined boring. Boring R-1 drilled into the upper guard wall

consisted of a mixture of crushed and natural gravel coarse aggregate. The

surface of the core was intact and showed no signs of deterioration.

71. Boring R-7 was a vertical boring drilled into the lower guard wall.

The surface concrete was in good condition. Compressive strength of a test

specimen taken from near the top of the boring was 4,480 psi. The inclined

boring taken from the river side of the lower guard wall Indicated some

medium to severe scaling of the concrete at the surface. The interior con-

crete was in good condition.

72. The tabdlation below summarizes the depth of damaged concrete for

borings into the guard walls.
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Damaged
Boring Direction Concrete

Structural Element Boring Horizontal Vertical Depth, ft

Upper guard wall R-I X none

Lower guard wall R-6 inclined none

Lower guard wall R-7 X none

Land wall

73. Top surfaces of the land wall showed signs of aggregate dissolu-

tioning. Fine cracks were present around structural features such as openings

and mooring pins.

74. All three vertical borings into the top surface of the land wall

showed only surface deterioration of the concrete with the surfaces showing

light and mediu- scaling. The concrete was generally dense with good consoli-

dation and contained crushed limestone coarse aggregate.

75. The compressive strength of the near surface concrete in boring L-1

was 5,990 psi. The test of interior concrete from boring L-7A indicated con-

crete with compressive strength of 5,790 psi.

76. Two horizontal cores were taken from the river face of the land

wall, one near the upper pool level at elevation 726.5 ft (L-4) and one near

lower pool level at elevation 715.5 ft (L-6). Both cores showed moderate sur-

face weathering with some exposed aggregate at the surface. The concrete

cores from both borings consisted of air-entrained concrete composed of

crushed limestone coarse aggregate. Only surface damage was evident in the

cores. The compressive strength of the cores were 6,770 psi for near surface

concrete from boring L-4 and 4,460 psi for interior concrete at a 2-ft depth

from the beginning of boring L-6.

77. The tabulation below summarizes the depth of damaged concrete for

borings into the land wall:

Damaged

Boring Direction Concrete
Structural Element Boring Horizontal Vertical Depth, ft

Land wall L-3 X none

Esplanade/Backfill L-5 X none

Land wall L--4 X none

Land wall L-6 X none

(Continued)
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Damaged
Boring Direction Concrete

Structural Element Boring Horizontal Vertical Depth, ft

Land wall L-7 X none

Land wall L-7A X none

Middle wall

78. Appearance of the concrete in the middle wall was similar to that

in the land wall. Additionally, the concrete in the middle wall contained

numerous popouts at times and also had some "D" cracking along some monolith

joints indicating that some low durability aggregate was used in the concrete.

79. Two vertical borings were drilled into the top surface of the mid-

dle wall. Borings M-1 and M-6 consisted of concrete with a I-in. maximum size

aggregate to one foot depth. The remainder of the concrete for both holes to

the full depth of the concrete contained 3-in. maximum size coarse aggregate.

Only slight surface deterioration was present in the cores recovered from this

lock wall.

80. Tests of near surface concrete and interior concrete indicated the

concrete to have compressive strengths of over 6,000 psi. The near surface

concrete with the smaller aggregate had strengths of 7,130 psi and 7,840 psi.

The interior concrete had strengths of 6,480 psi, 6,950 psi, and 7,810 psi.

81. Concrete from the land face of the middle wall was similar to the

concrete from the river face of the middle wall as described in the Prelimi-

nary Study section of this report. Scaling of the surface was the most common

deficiency. Borings M-2 and M-5 were drilled into the land face with M-2 near

the lower pool elevation at 717.1 ft and M-5 near the upper pool elevation at

723.9 ft. The surfaces appeared to have been eroded due to abrasion and dis-

solutioning. Cracking of the concrete at 0.1 ft below the surface in boring

M-2 indicated depth of deteriorated concrete was more than only surficial.

82. Two borings made into the river face of the middle wall were made

at elevations 716.3 ft and 725.3 ft for borings M-3 and M-4, respectively.

Both cores consisted of air-entrained concrete composed of 4-in. maximum size

coarse aggregate. Only surface deterioration of the concrete in the form of

scaling was observed.

83. Compressive strengths determined for the concrete in both land and

river faces of the middle wall were above 6,000 psi.
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84. The tabulation below summarizes the depth of damaged concrete for

borings into the middle wall:

Damaged
Boring Direction Concrete

Structural Element Boring Horizontal Vertical Depth, ft

Middle wall M-1 X none

Middle wall M-2 X none

Middle wall M-3 X 0.1

Middle wall M-4 X none

Middle wall M-5 X none

Middle wall M-6 X none

River wall

85. Light scaling was the major deficiency in the concrete from the

river wall. The concrete was represented by one vertical boring the full

depth of the concrete, boring R-5, and two borings into the land face drilled

in the small lock chamber. Those borings were at elevations 725.3 ft and

715.0 ft for borings R-3 and R-4, respectively.

86. Concrete from boring R-5 contained 2.5-in. maximum size natural

coarse aggregate throughout the length of the core which was unlike the other

vertical cores taken in the other walls in which the upper foot consisted of

concrete made using a smaller coarse aggregate. The concrete was intact, air

entrained, and in good condition. Strengths determined for the concrete were

5,890 psi for the near surface concrete and 6,400 psi and 4,500 psi for

interior concrete.

87. Boring R-3 was drilled near a monolith joint and a lift joint. The

boring intersected some reinforcing steel at approximately 0.8-ft depth. The

steel was in good condition. The surface concrete was slightly weathered with

some medium scaling. Interior concrete was intact, contained 3-in. maximum

size natural coarse aggregate, and was air entrained.

88. Boring R-4, representing concrete at the lower pool elevation, was

slightly more eroded and weathered than the concrete in the upper pool eleva-

tion. 'lowever, the interior concrete was similar to the upper pool elevation

concrete consisting of intact air-entrained concrete with 3-in. maximum size

natural coarse aggregate. The concrete strengths determined for the upper and

!.wet p-ol el:vation concrete were 6,830 psi and 6,550 psi, respectively.
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89. The tabulation below summarizes the depth of damaged concrete for

borings into the river wall:

Damaged
Boring Direction Concrete

Structural Element Boring Horizontal Vertical Depth, ft

River wall R-3 X none

River wall R-4 X none

River wall R-5 X none

90. The physical properties of the concrete are tabulated in Table 3.

The unit weight of the concrete ranged from a low of 142.4 lb/ft 3 to
3 3

151.9 lb/ft . The average was 147.0 lb/ft

91. The pulse velocity of the concrete ranged from 13,486 ft/sec to

16,652 ft/sec. The average pulse velocity for this concrete was 15,125 ft/

sec. Lower pulse velocities of 13,486 ft/sec, 13,801 ft/sec, and 13,912 ft/

sec correlated with concrete having strengths of 4,480 psi, 4,500 psi, and

5,790 psi, respectively, which were some of the lower strength concrete mea-

sured. Two cores, one from boring L-1 and on from L-4 had strengths of

5,360 psi and 4,460 psi, respectively, which had pulse velocities above

16,000 ft/sec.

92. The compressive strength of the concrete was generally over

5,500 psi with only 3 of the 20 specimens tested below this figure. All

strengths were above 4,500 psi with the average compressive strength for both

interior concrete and exterior concrete at 6,190 psi. There was no signifi-

cant difference between strengths of concrete from near the surface and con-

crete in the interior of the structure.

93. The principal concrete mixtures used in the construction of the

lock walls were a 4-bag mixture using 3-in. nominal maximum size crushed

gravel and a 5-bag mixture using I 1/2-in. top size crushed gravel. The

28-day compressive strengths for the mixtures were 4,314 psi and 5,637 psi,

respectively. The average strength of the concrete is above the 28-day

strengths reported for the mixtures used in the lock wall construction.

94. The data for the Poisson's ratio and modulus of elasticity are

presented in Table 3. The stress-strain curves are presented in Plates 33 to

38. Average Poisson's ratio for the concrete tested was 0.24 for the
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specimens tested. Poisson's ratio ranged from 0.16 to 0.29. The average

modulus of elasticity was 4.0 x 106 psi.

Peak and Residual Shear Strength

95. A limited number of intact shale specimens were tested for shear

strength parameters. A summary of the direct shear test results, density, and

water content of foundation core is presented in Table 4. The rock core was

divided into two groups based upon hardness. A moderately hard shale, and a

soft to moderately hard shale were identified.

96. The shear stress versus shear deformation and the normal versus

shear deformation curves are presented in Plates 21 thru 34. Shear stress

versus normal stress plots were drawn up for the two groups of rocks. The

shear strengths obtained from tie soft to moderate hard rocks plotted reason-

able well considering the scatter in shear strength at a given normal load; an

angle of internal friction for peak strengths (Op) and cohesion (C) was cal-

culated and is 51.9c and 5.4 psi respectively. The residual shear angle (Or)

for the soft to moderate hard rocks was calculated and is 25.00 with a

C = 2.1 psi. Shear strength parameters were calculated by the method of

linear regression.

97. When the peak shear strengths obtained from the moderately hard

rocks were potted, there was a wide scatter in the shear strengths for a given

normal load. This indicates a variation between specimens which is probably

due to differences in hardness between specimens within this group. The

residual shear strength values plotted much closer together than did the peak

shear strengths indicating relative consistency in this lower bound strength

parameter.

98. After studying the similarity in the shape of the shear stress

versus shear deformation curves, the specimen densities and moisture contents,

and the peak and residual shear strengths, it was decided to plot all the

shear test results together, and calculate a peak and residual failure enve-

lope for all specimens. It was thought that the foundation rock within 8 ft

of the concrete-foundation interface would be better represented by doing

this. In making the calculation of shear strength parameters for both groups

of rocks, a few data points were thrown out because they were widely scattered

from the majority of the other data points. In other words the few data
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points were thrown out because they were believed to belong to another rock

population.

99. The stress stress versus normal stress plot for the two groups or

rocks is presented in Figure 10. The peak shear strength parameters are, for

the angle of internal friction (0p) and cohesion (C), 47.5 ° and 6.4 psi

respectively. The residual shear strength parameters are 25.80 and 1.32 psi

respectively for Op and C. These shear strength values are thought to be

representative of the foundation rock in close proximity to the founding

elevation of the lock walls.
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PART VII: CONCLUSIONS AND SUMMARY

100. The concrete at Locks and Dam No. 2 making up the lock walls, the

guide walls, and guard walls is in fair to good condition. All of the con-

crete is air entrained which has protected the concrete from any major freeze-

thaw damage. Some surface scaling is evident in most of the concrete, but the

original surface is generally recognizable.

101. Dissolutioning of the limestone coarse aggregate is evident

throughout the entire lock structure. The aggregate is partially dissolved

thus weakening the support of the thin surface mortar which has eventually

eroded away causing the concrete to have an exposed aggregate appearance. The

phenomenon is widespread but is confined to the surface of the concrete and

has not caused any deep penetrating damage to the concrete.

102. During the construction of the lock, the majority of the concrete

was a 4-bag mixture using 3-in. maximum size coarse aggregate and then topped

with a 5-bag mixture using 1 1/2-in. maximum size coarse aggregate. Both con-

cretes were found to be in good condition, and interface between the two con-

cretes was generally intact.

103. The steel armor has protected the guide walls, the guard walls,

and the lock walls from abrasion due to the river traffic. The concrete asso-

ciated with the armoring is in good condition.

104. Some "D" cracking was present along the monolith joints, but the

cracks appeared healed. Hairline cracks were also common along the steel-

edged plates along the river wall and the guard walls. These hairline cracks

do not appear to be active.

105. Popouts are common on some of the surfaces. This indicate, that

some of the aggregate used In the construction was low-durability aggregate.

Popouts are surface features and will not affect the internal integrity of the

concrete.

106. Verti il cracking was present on the top of the guide walls at

periodic intervals and was not associated with any apparent chemical reaction

and did not appear to be active. The cracks may have been due to original

shrinkage of the concrete.

107. Some vertical monolith joints have spalled. Borings made adjacent

to these areas have indicated that the depth of deterioration is confined to
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the visible spalled concrete. No damage due to the interior cracking was

evident in the cores examined from these areas.

108. Some minor repairs have been made in the gate machinery area. The

repaired concrete is generally in good condition. Some cracking of the con-

crete was noted in the vicinity of some of the operating winches. The

concrete from borings adjacent to these areas indicates that the concrete is

intact and in good condition.

109. The near surface concrete shows only minor surface deficiency.

While at the present these surface defects are not currently a maintenance

problem, as normal weathering progresses, the concretc surface will continue

to deteriorate as it has in the past, which is essentially none at all.

Vertical and horizontal core showed no signs of deterioration, and the

exterior concrete has not deteriorated since construction.

110. The shale recovered from the lock wall foundation did not contain

weak zones such as clay seams, therefore, intact specimens were tested in

direct shear parallel to bedding. Two groups of shale were identified and

tested separately. For the analysis of the direct shear strength parameters,

the groups were combined due to similarities in the shear stress versus shear

deformation curves and similarity of other key rock properties. The peak

shear strength parameters are Op = 47.50 and C = 6.4 psi. The residual

strength values are 0r = 25.80 and C = 1.32 psi.
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PART VIII: PROJECTED CONCRETE CONDITION

111. No major deteriorating mechanism was recognized in the laboratory

investigation that was likely to degrade the concrete at the locks during the

next 50 years.

112. The concrete surfaces, both vertical and horizontal, showed no

sign of deterioration beyond normal weathering since construction, therefore a

rate of deterioration was not calculated for Locks and Dam No. 2. Some crack-

ing of the horizontal and vertical concrete surfaces was evident, however.

These cracks, along with possible cracks in the galleries and the emptying and

filling culverts, should be mapped for future reference. The concrete should

remain in serviceable condition for a period extending on the order of

50 years from the date of this investigation.
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Table 1

Pertinent Boring Information

Elev Elev Elev

Boring Core Direction Top of Top of Bottom of
No. Depth of Size, of Boring, Rock, Boring,

BR WES Hole, ft in. Boring ft ft ft

L-1 10.55 6 V 730.5 --- 719.95

L-2 80.5 4 V 727.5 667.8 647.0

L-3 16.1 6 V 732.5 --- 716.4

L-4 3.2 6 H 715.5 ......

L-5 73.2 6 V 730.5 675.6 657.3

L-6 2.55 6 H 726.5 ......

L-7 6.5 6 V 730.5 --- 724.0

L-7A 119.5 6 V 730.5 671.6 611.0

L-9 10.65 6 V 730.5 --- 719.85

M-i 97.1 6 V 732.5 672.2 635.4

M-2 3.2 6 H 717.1 ......

M-3 3.2 6 H 716.3

M-4 2.9 6 H 725.3 ......

M-5 3.3 6 H 723.9 ......

M-6 91.7 6 V 732.5 667.1 640.8

R-1 1.6 6 V 730.5 --- 728.9

R-3 3.1 6 H 725.3 ......

R-4 3.1 6 H 715.0 ---...

R-5 90.7 6 V 730.5 663.0 639.8

R-6 3.3 6 I 715.5 ......

R-7 3.0 6 V 730.5 --- 727.5
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Table 2

Core Received at WES from Locks and Dam No. 2, Monongahela River

Structures Lab Core

I.D. Field I.D. Location Dia, in. Material Boxes

Pitts-13 CON-I BR WES L-I U.S. End of 6 Concrete 4
to CON-4 Guide Wall

Pitts-13 DC-i, BR WES L-2 U.S. Land Wall 5,2 1/2 Backfill 18
to DC-18 Backfill 4 & Rock

Pitts-13 CON-5 BR WES L-3 U.S. Land Wall 6 Concrete 5
to CON-9 Gate Recess

Pitts-13 CON-10 BR WES L-4 Land Wall 6 Concrete 1
Lower Pool

Pitts-13 CON-li BR WES L-5 Land Wall 6 Concrete I
DC-19 to DC-33 Esplanade 2 1/2 Backfill 5,12*
Pitts-13 CON-12 BR WES L-6 Land Wall 6 Concrete I

Upper Pool
Pitts-13 CON-13 BR WES L-7 D.S. Land Wall 6 Concrete 3

to CON-15
Pitts-13 CON-16 BR WES L-7A D.S. Land Wall 6 Concrete 20

to CON-35
DC-34 to DC-53 Rock 40
Pitts-13 CON-36 BR WES L-9 D.S. Guide Wall 6 Concrete 4

to CON-39
Pitts-13 CON-40 BR WES M-i U.S. River Wall 6 Concrete 20

to CON-59 Gate Recess
DC-54 to DC-65 6 Rock 12
Pitts-13 CON-60 BR WES M-2 U.S. Middle Wall 6 Concrete 1

Land Face
Pitts-13 CON-61 BR WES M-3 Middle Wall 6 Concrete 1

River Face
Pitts-13 CON-62 BR WES M-4 Middle Wall 6 Concrete I

River Face
Pitts-13 CON-63 BR WES M-5 D.S. Middle Wall 6 Concrete 1

Land Face
Pitts-13 CON-64 BR WES M-6 D.S. Middle Wall 6 Concrete 23

to CON-86
DC-66 to DC-75 6 Rock 10
Pitts-13 CON-110 BR WES R-1 U.S. Guard Wall 6 Concrete 1
Pitts-13 CON-ill BR WES R-3 U.S. River Wall 6 Concrete I

Land Face
Pitts-13 CON-112 BR WES R-4 River Wall 6 Concrete 1

Land Face
Pitts-13 CON-87 BR WES R-5 D.S. River Face 6 Concrete 23

to CON-109 Gate Recess
DC-76 to DC-84 6 Rock 9
Pitts-13 CON-114 BR WES R-7 D.S. Guard Wall 6 Concrete I

* Plastic cylinders.
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DIRECT SHEAR
STRESS vs DEFORMATION CURVES
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DIRECT SHEAR
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DIRECT SHEAR
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DIRECT SHEAR
STRESS vs DEFORMATION CURVES
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DIRECT SHEAR
STRESS vs DEFORMATION CURVES
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DIRECT SHEAR
STRESS vs DEFORMATION CURVES
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APPENDIX A: PHOTOGRAPHS TAKEN DURING PRELIMINARY STUDY



Photograph Al. Land wall lower gate recess

Photograph A2. Land wall lock chamber of large lock

A2



In-

Photograph A3. River face middle wall at monolith M-5

Photograph A4. Gate recess river face middle wall of
upper gate in small chamber

A3



Photograph A5. Downstream of upper gate middle wall in

small lock chamber

A4



Photograph A6. Middle wall small lock chamber

Photograph A7. Middle wall small lock chamber monolith M-16

A5



Photographs A8 & A9. Middle wall monolith M-22

A6



Photograph AlO. Downstream of lower gates small lock chamber
middle wall

Photograph All. Lower gate recess middle wall small lock
chamber

A7



Photograph A12. Downstream of lower gates of small
lock chamber in middle wall

A8



r!

Photograph A13. Top of upper guard wall joint between
monolith No. 8 and No. 7

Photograph A14. Top of upper guard wail monolith R-5

A9

_. , .'- - , . , bddlm - ~M UN-IAm, md m n d n .. . .



Photograph A15. River side upper guard wall

Photograph A16. Upper gate recess river wall

A10



Photograph A17. Cracking near gate recess monolith R-12 of
river wall

Photograph A18. Top of monolith R-13 river wall near upper
gate recess

All



Photograph A19. Top monolith R-15 pop out

Photograph A20. Top monolith R-16 dissolution of aggregate

A12



Photograph A21.

Photograph A22. River wall
monolith R-23. Cracking and
repairs of concrete in lower

gate recess

Al3



Photograph A23. River wall lower gate recess

AL4



Photograph A24. River wall
below lower gate

Photograph A25. Lower guard wall

A15



APPENDIX B: FIELD DRILL LOGS



DRILLIKG LOG u1njo iv er lock & Dan or * 2 swears
L-CT- 10. 1429 £60 TY~t OF MYT

Rehab. of Lock &Dam 2, con. A.1a ("M- M

M 3 &NVCT!IEWS OESIQWATOll or 0311.l.

%L. TOTAL NO..or OVER. 1'*E ftsv1Ussft

L WA9 OFONWLf .~ TOTAL. ISSERN CORE SOASS j

'darhurs 'L EVATtO1R 050550 SATEN n/,a
6. 014ECTIOR Of WO01.1.0

MVEFTIC. U06IRE "_____5.'IO "CAT. 14,DATC NOC.E 17 )Ic 85 i17 D)ec 65

TN~NES OfOVRSIROC nIT*. ELI VATIO0I TOP OF "0469 "0, 1

.. ~ ~. ~ fto.. TOTAL. Coot Pecovelmy VON so.,.,. 100 s
IL "TH RILLO ITO WCJC 0 1. USIGATURE OF INSPECIn

11.TOTAL ORPNOF NoI. 10.95 in Concrete __

ZLVTG ao CLJMWCATION OP VATERIALZ NUCOM NE OEO / SNA

SSurface Condition: Rn
A . sligiitly weataered Bein: 0.0witta ligri> scaling, Thidt 2.25

v maximum exposed aggre ).T: 15 niin.
gaze size is~g Rec: 2.05
~ o~ - 1.410C* Remarks: Pulled off

' onereme: zray, pre- .2'.
dominaely crusniea
limestone awgreg-dte, 3n I
maxi.muz aggreizaze

sieis ", suobanra-

enTrainea ai.r, has Ranl 1
enzraDced air, manv .tun: 2
voids generally less zeein: Z.Z5
than ,;" diameter & 7.na: 7.2

A d eep, some aerregate 'L5 =i.
3.are cracked, R1ec: 5.3

~ 3.15 nan adee.nar(s: Picked up3.1: mn mde.2' from run 1break. Dulled of .15'
this run.

4. C7

10 Box 2
5.:man made break

Z 6.55: man made
S break.

Run 2 Run: 3
Bo3Begin: 7.2
Bo 1 nd: 10.55

a~o >1Rec: 3.35
Remarks: Picked up
.15' from run 2,

8.5 llsel pulled off .15' Z
8.79 1"1t0l0%o this run & left i t

4 9.0: machine break.

.4 A, 9 .8: I" long
void Box 4

ENG FORM 18 36 NtRwEVI OU oN41 ARG 0SOGWOLA. P604ec Rehab. ot Lock 4
(A? TRANSLYCalilln Dam 2. Mlon or L-1
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DRILLING LOG unoR~~ OK&~ai . 2 .....-

SeTemrs s AN OE 00ovm P of... OX00
OPYIL O A49NC 0 Fai n 1500

~~~~: nEo. of PL O AA ~ .

M. ~ ~ ~ ~ ~ ~ ; 0.0*N =- 3.15 - a N"P~sTAU

Z.A.B. OF 10.53~ 2. 3.1A -U100 6.55oxs

a.3 6.55,0 -

or NOLS 1~~ ~ ~ 4. CAO9.01"'71 c8 : '1 0 .48

ov. ~ aV~Ais 1o0rNut 705
7. 140 ICI M O O V R O U O C I 0 0 I . T A L O~k M C O V V V N * OIN to -IL O PTN RMLIO f0TG P CK 0 0 a

19. SWI TURK F INSP

MA I na2 Nr ive 0-0 - E 3 1
7'..3 1.5 Hn 2C315- .5

3. 6.5-3.



N.e.N..RR WES L-2-86
WCOM MNS AtLATOMI Locks & Dam NO. 2 S.9T I

DILUNG LOG Ohio River Monongahela RIver or 9 SHERET

S hT ahebilitaLon ot LocL e - am o. . AMOTT OF M0? . "

abM shela RIvet S. DATUM0 Fl ELEVA'ISO SNOM ( UA1i
L L TSog( C, - £* LandvaJ q.onol h - MSL
28. 2.4' U.S. of .arker pen. s0u0 in ram ---.FAcvuUgsws OCI-E-I&-O n OF SRILL
LOAILLOAO EMC .. .r414.,, ?r-k - Mounted Rig-

BR WES L-2-86 14

L. &AMC OF ORILLEWf 14 TOTAL GUMNED COC SORIES 5
Gene Warhursr IL ELEVAT N GROUo ATER

S ICIOMyQ 0? MOLE 'SIAMYR I 0LE

r0EMTE,. ,eL - OsIEs eq, D-6-, ,. I12&Daeb 17 Feb 86
1. ELEVATIO TOO OF MOLE 710.

5s. TOTAL C01119 -- COVER? FO MORIM 92BE. T Dp MILLEO INTO Rocu 20.8* 09. SSOUATURK of IMIspEcT /i
9TOTAL SEPYM 00 MLE 80.51 ______________

mLEVATIOM BERH L CLAAMPIC&TO OFco MAIA SOR RE EUI i BT 1 . lR.4

Clayey mud, brown, slightly 5-in. drive sample,

sandy I using 300-lb hamier

90

B Blue-gray slag gravel with 2' brown. clayey, sandy mud

2.

Grind to 5.0 ft using

8 in. rock bit

3.

4.Q-

5. _

S-0

- . 5-in. drite sample,
6.-_ . Clayey mud. brown, v/silt 7 using 300-1b ha

-.... and sand mixed with black 70
/ -... slag and sandstone gravel

to L-L/2 in., some blue-
gray slag

7.

. Grind to 10.0 ft using

8 in. rock bit

9.0-

10.0
ENG A Rehabtlic&t6on f Locke Q L-2-

M Ao ofge REvet"
(TRASLUCNIMDan No. 2. Monongahela River

84



.... e CI ,ALA,,o s D N. ,* No. BR WES L-2-8tDMLLING LW OLocks 1 Dam No. 2, 1'*"ay zI, paOjg C Rehablitcation or Locks & Dam U.Islze Ito Twe se.? X 5" a,9;w;-  
. I .onon Rahela River q

2.4' u~s oS ame en ~ i oyo~h 28 MSI.
L UILLtO A4EICyS IL a.~ UA EOASWO LUSAE - WES Filin ,Truck - mounted RigAL OTAL NO. or OvE.. " *tmeo

"& :: iBR 4ES L-2-86 . . ..
& e~.a *14. TOTAL. MUNNIC CoSE SOXC%Gene larhurst 

IL CLCV . _UOUns .wygnLr-C a'L "0"~lm -*I

"~ -- SA! 12 Feb 86 1 17 Feb 86
7.NICCC - .. 59.71 17, ELeVATIOW O L 727.0meto inT Le 0.

°  
08 TOTAL cone Accov R ea m"moo0EP"" OPILLCO tMTu e"c 20*.E OI ~EEZOEYFCee 92

I .TOTAL O .Pt -o COLE 80.

e~aVATION, 0gy CUANOICY~ O ATERIALI %CO cc* soERE
McCO.A 7E env 

""MMd-. i.

-Sandstone gravel to 1-1/2n.
.maximm diameter, pieces o f 70 4 5-in. drive sample.

orange brick. same 1/2 in. using 300-lb hammer4 0 black slsg

Clayey mud. brown, silty

13 
Grind to 15.0-A. using
8-in. rock bit

14.

15.

0.0 3-in, diameter piece of S-in, drive sample.0 sandstone. smaller sand- using 300-lb hammer
atone and mixed pea gravel 20 5

7.0

18.

Grind to 20.0 ft. using
8-in, rock bit

9.0

ENG AFOJO 15 36 PEVI 01 TIONS AC Oe5OL&?E. ejt
Rehsb~ijatiOn of Locke snd B EI1EALu~mf DamNo. * tnnae.~River BRWSL-2-
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HeleN.. 8R WES [-2-86
SMSTALL.Y40C LocKs 6 lid. No. 4.. a I 3

DRILLING LOG Ohio River Monorrsaheia River 1.1"19 3.991's
U. CUOJECY Rehab2.litar3.on oK Locks ar am ie .. I've orP BITm 4 )( 51,
No. 2. 1'Inonqanela River It. DAUM FOR M.VA~a SHWN gm.J~ r

2.4' U. S. of marker pen "33'1.i. qru .v...........n.... ~ CU U SU

LCCIL'IGGC.CY'~'FAiling Truck - Mounted Rig

CCL CCioH "". oun mcDe" SAIAIIs TAKEN'

; R WIES L-2-86
IL NAME OF DCILLES! I& TOTAIL mumonC come WAE 5

agee Warhurst IL ELZ'.ITICC GROUND WATER

.. ~ ~ ~ ~ ~ ~ 4 fDATEac CCOOL fsEm )LE

seeVem:.. O.C..oCUeC ooe. Fn ~ Ve_ E~L i12 Feb 86 17 Teb 86

7. ?CCNRE5is00, OvIRWUmCaft 597 61. ELEVATICK YQ1 OF OLE 717.0'

L DEBT" 041.1.1.90 INTO __________20. __V_... _ it. WNATUC Of INSPCCTCC
9. TOTAL DI9YW Or "OLE 80. 5' 1 '//c~

CXAINOPnCLAAWFCATIQN CF NATEIALS com CC o. a0"C I IA
RECO-l "ooANLit (Okev .~ -U-

ELZVATUC CEPYK EGEND *CRY I .* -C0 .. U

21 i-7 5-in, drive sample.
using 300-lb hammer

25 6

Large "brick" of slag

230Z material. 3 X 4 X 6-in.
Pea gravel to I in. maximum.

:s mixed with slag With clayey

'~~*~*claeymud. gray-brown, silt)

24.O..~Grind to 25.0 ft.
using 8-in, rock bit

~' Silty, clayey mud, black. 2-1/2 in. splitspoon.
w.. ith numerous flecks of using 300 lb hammer.
steel throughout L00 7 Weight of hamer pushes

sampler. No blown
26.Q__needed.

27.0Z_

29-0-

I- 
L

[MG FORM A room$11 &m 11,0 0 IC OACIIE CCI KenAbliLtation 0x OCLE .
MClLocks and Dam No. 2. S E

iWAI.OLUC~fl Mononztela River RWSL28
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Mel. M., 3R ';FES L-2-8(

SITALL.ATION LOCKS 6 Jam NO- Sz. 9
T  

4
DRILLING LOG 'hio River MononeaheLa River lo 'N 91gpy,

. PROJECT Rehabilicacion ot I'octs ana Dam IS SE AND TfREfef T x *I

No. 2. Mononeaneia River I. DATUM ION eLETION. L~OCATION (Cc.T .. ,. L anawail, 0 o nota 4st
28. 2.4' t1.S. of marKer nen .0 j 0 . OF RU.CTUNERsoes1GP.TION ILL

I .LINO CT, ...... Failina Truck - vounted Riz
USAE - WESILTTLN.OOVR ,____________________________________ a TOTAL NO. oc ovuR. O.*?I**Ne eSURSKCe

4L ROLE NO. (A. O.U19OEN SA.PItES TAmEN
MBR WES L-2-86 I& TOTAL PUMER come BoxesL MARC OF ORILLEi'

Gene Warhurst IS. L.[LVATION GROUNo WATEN

N. DIRECTION OP ,OLE Feb 86 "OLE Feb 86

SES,,Cvo. :),N.-. O.. - eb D6 MOLb.
N. ELEVATION ToP OR "OLE 727.0'

V" TNICKMEISSDOEP° euDEtN 59.7 ' ,OyA O
e 

loel o illl 9

T..OTA L. CORE RECOVER . . WO 92 %
K. all"" DRILLED INTO POCK 20.8 '5 SIG..TuRE of INSICTOP R ~J
9. TOTAL oCErT OR NOLe 80.5' [tq j _

Cv.AOfC IFICATIOM OF MATERIALS COR box OErLELVATIONI OII LE[Ee~ CL aWl I e~ov. Ae.,*,~ -lA.~.
.~~R NO A- NAN AIv , """"'

A b

- .- 2-1/2 in. splitspoon,.
"' "3 using 300-lb hanmmer,

• " Z Clayey mud, black to dark
gry.wth some silt too 8 z lw

32n -1

Grind to 35.0 ft.

using 8-in. rock bit

35.

Clavev mud, dark gra,,

sandy 100 9-

I IJ Grinu to 40.0 ft.

using 8-in. rock bit

t , 0.0

ENG FORM 18 3 6 4oIZtoNS .PE oNoL. ',okc' RelabtLlt Don o0,Eo..
MAR - " s . Zam ISo , . Monongahe

(TrAxsLUCEAT7 River iR WE'S L-2-6
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"ol. M*.BR '-ES L-2-86

1. P404ECT RenaDlil at ion ot LOCKS ando am s e~ ..o vPr of a-s, 4, X 5"

Nmo.E. . -nongan a Rive USUUF SAMLES T ICENON RAa

',. LOCATIONN TOP- OPA- LaO4.o27
2. 2.4C .S. o marker pen. iOFonlt.DP... fO

(A* VRD9 SAPLE iflA* - *

eeVTO DEPrhus LLEOCCONGRUN (P C. nT.si.

- -a2in !piitspooa. D R EC T O N F NO IE 6. D T C u siF b n g 3 0 -l h a bm e 6

6. TOTA -C~ N O OL 0 5

2-1/2 in. splitsoon,
using 300-lb hammer

* 27 blows

Clye muud dith grave to0 toin

48. Grind to 50.0 ft, using
B-in, rock bit

49.

ocks nd Da -1o/2. inn splt Jsp L-2
VrCAusingPT gaheja hamver

27blw



__________________________________ 1.19. .. R WES L-2-86

.5A*OMLocys 6 11am Noa. Z. 97 6

"P~ cy h i iac n o L c s n D m I. siteALMC. OvW ort I 4.V. C X 5"U ..

Nwo. e 0F 6 aOL .TVe ceLC

27 . 2.4E SO U. S u OE or markerI~ nO O MOL27 0

I O P O M I o_ INT _ _ C r0.e I& TOTAL U0 or IM5CAO

- d MVAI e e PTw e G E O( D . G C . SA M PLE9 y .. . .. . * M

6Gin to 55.0-ft.V .01.g

Due. ~eN w*?. 1, D8-inL r o i CT C

usigh 300-l b 86

6- WITHe OMudL brown sande 80TA 13O 31OVM bos t 9

Sand LAndPPA p a. gr av l , " SixedX 0

i %*rin toxe 60.0el ft. siize
8.-2in rock itson

come2 u s mOt1U1ing 30l hme
Clayey mud.lar-wnhaveryr3L enow

(TRA.LUL7f Monon ahel Riverra

clylup9



Hel.M*.R 'ES L-2-86

STALLA "ON Locks & Dam NO. 2,."64T
DRILLING LOG hio River Monoiamela River oc9 Ins.es

IPROJecT Rehabilitatiol o
r 

Locks f 1a 4 NO . I1E - 11" 0 NIT "

2. Monongahela River -1. OAun ION ELAVAW NMOrm,
G (¢ T -"_ t -vm~ m oadad on o i

r 
).t SL

28, 2.4' U.S. of marker Pen- .0 i n'tr IL.wPACYU N.NcOS IoeMAIO ON*LL
-eLrMGsCT r- .... Failing Truck - Moun:ed Rig

US_ _ WES t__ TOTAL _ _. _ _ O______p-_______o al"OEtoN

A. NOLA NO. (A. -- 81 - Ane ,sINN. SAMPLES TAN EN I

BR WES L-2-86 ITOTAL CN O
S. MAMAOF C4*ILLANft IL SLCVATIQN e*OUNO W-ATen

Gene Warhurst I E T
6. O4ICCTIONIo " 4 OFw NOLE ISAN . t7 Feb 86

NI3-TeI. 00I0,o NN ' N 12 Feb 86 17 Feb 86
1. ELEVATION ToP oP NOLA 727.0'

1. TNICKNesNof OVENISDUNOE 59 7 is. TOTAL CORE RECOVer PION OPING 92

8. 0EPTH tORILEO IT0 POCK 20.8' It. SIGNATUNC Of INSPECTON /

N. TOTAL DEPTN OF NOLA 80.5' It/r , /

' MATERIALS C ONO '01 / EMARU
ELVAI.ION C O ReCOV- SAMPII AV -- .. ooa .5

glow NO. __I nI. I, .dN~5n

2-1/2 in. spit spoon,
Blue-gray clayey shale. sot 0 14 using 300-lb hanner

48 blows

Run: I

Box Begin: 60.3'
I End: 64.55

D.T.: 2 hr 6 min
Rec: 4.25'

85

-_- Mottled gray and brown

shale calcareous module
3..__ _ -- Brown shale, soft to

moderately hard

4._ - 7-
5.Q.

Run: 2
Begin: 64.55'

56.G End: 68,.20' .

6. -- Gray shale, soft to mode- D: 68.20-
D.T.: I hr S0 min7- rately hard Box Rec: 3.65'

80 2

9W.767o0-: -Z=; Z

68.CEZ

-Gray shale, moderately
hard, slightly silty

69.0--

~0 C ----

ENG FORM ?836 P1EOJCT Rehabgitralon O " NOM N F R 1 8T Ie o s c , , ~ ~ e o w m e L o c k s & L a m / .o . L I ,
NAN ItLc3 ;R ZT. L-2-F

(TrAmsLUcENT Monoflgahela River

B 10



H.I. N..dR W.ES L-2-86

II. ~ ~ ~ ~ -o 2.V~O MOS AE

,.~ 10.ca~ sal _a .. a.0

U. K ol tOTA aE Y h F JSOLE o or 0.5' 5

28 24I.. fmre pen AYO M, Q.ISL M FCO es, SON SIUAIN0 Si 6,~t
& DRILLING AaEPYN LEGE IV .CO-LPE -1. one i

sh.e aodrael hard. End- 73.2',IL

73. -ACHL

soe brow bandsIO slihl 4F Begin 72.65_

moue Less: 1 hrSIICTO O0 mmCIAS co'

777

7 . L=-7 ray shale, moadrtl of rnBg :682

Crshale. moderately h ard . Box :3.'
slightly silty, s Run 95 Bx DT r1 i

calcreos moule 3 ed: 40.45'

7Rc 3..0:

GrayJC shle odraey arB itRun 4~
ENG ORM 836 se ometO1. bron basLY. sloghtl 4 Beam n 72.65 B VS -2

modusIUaf MonongaIlhra1Riven
B100



r

H-10NO. 8R ',;ES L-2- 6
Locks & vam No. Z, Fl"CLT 9Ohio River 66ATIO. OF

P*OJK 40nonzahela River 9 SMOICTS

Rehabilitation ot Locks and Dan IS. SITE AND T,.q 0. GOT 4 A ) ,
No. 2. Mononeahela River 11. DATUM FOR ELEVATION SHOWO (TEM W, ARL3

LL6CATNMjc--A--- Landwall. monolitF-

AGE; Z4 o&m
Wr ,

A., C._-' ' U _;S arker.pen. 30.0' in from iMPACTURCA-31 D-911-14NATION Of -1L

USAS WES Falliny Truck - Rip4. ROLE .0. IA. AftANN WA N.A.-O -. 1 136 TOTAL NO. OF OVER. 40
AR, A" 8100109010 SAMPLES TA.11

BR WES L-2-86
L MARC 001 0*1 4. TOTAL Wmoa* cone songs 5
jne Warhurst IL CLEVATI GROUND WATER

II.TNIM or ROLE

0-90"e-N 0-c-40 - OGG. FROM a., K Dart ROLE !12 Feb 86 17 Feb 86
I. TNICKNESS OF Ov9**U*OIKM 59.7' IV. ELEVATION TOP or OLC 727.0'

IL DaPT" ORILLICIS "ITO NOCE 20.8' .... .... -, FOR ... 92
IL TOTAL. OgPT% of "OLE ft. SIGNATURE OF INSPECTOR

80,5' f AUPI

im."wnew DIRPT" CLASSIFICATO OF MATERIALS % CONE 00, REMARKS
Reco- Idl. I. -- - .. .

b my "0. -ANWNAI6

E.O.B. 80.5'

z

EOG 100M 18 36 EDITIONS ARE OBSOLETE. 1PROJIg Rehabijitallon otMARIO 
Lo Ji!-PC ka 

4 
Dam 

No. 

T

frPAwsLucamn Monongahela River' BR WES L-2-F

B12



O~VISIA INTALT.O4 ON G ID11ILLING Lor. 1 i.r1CK1P~n*. ~ o2 s~

Reixao. 01 . .C -_L -:n e .*u rO 5SR-9O MWf~n.

11.LOCATION (C.. .. A i
Se IL~j~k - A.N*9UFCTURIENI OWGNA4 TION Of DOLL.

*. O~LLNG GKNC c, er .5.ic ,.
UA- 13. TOTAL NO o Oia OVM .'sTUMce ... 6 .. 10a

*. HOLE .1O. IA. .J - ,.A-- - NUMOEN SANPLCS TAKEN ! : !

16 NME Or OftLLCA.- calDul

Dan :-=-;or 10, CLEVATIO. GROUND MATEN /,

;1 Ge 5 c Cz8

7. TUICKNENSOF OV1NwU*OEN 1I. OVAITOP OF OLE 7-X2.9
.TOTAL ccP FallEP 1OP0111IM 100

4. DEPTH4 DPILLEO) INTO NOCK 'j 'U. S =GAraTUPO IN Cf~, 9 r,.

9. TOTAL 0EP"M OF MOLE

91IVTOO09T CCO CLASSIICATION Of MATERIALS Scome max OP NENANES
E~~tVATI(a OEWLCInGCOV. SAMPLE (D,06"~ =7 - Ah a*

any .40. A, ... .4 .epe.

S.: urface ktonaition: iun: 1
/ ligntly weatrnerec Begin: 0.0

*- wi.! mecium sca2.ine E nd: 2.3
m axi= exposea ag- J.'2: 50 min.
=.g a-e size is 2'1. Rec: 1.8

1.= 7 aace crack -wi: 100%, 'emarks: Pulled off
sl.z. setarat:.o i.s5'

/ 0.0 -16.0

'oncre-.e: zray, --re- Box 1

S l'ceszone axgregp-te, juiP7 aximu= a~rgregaze
siz is p'recomin- Run: 2

Z ately subangular. Beirin: 2.7
- -' gooat consolidation, ..nd: 4-

3.enirraD-jea ana entrain - :: 35 min.
., ed air, 7any voids 100A Rec: 1-335

7~ peneral3.y less taan .Aemarks: i,-icked up
Z" diameter 3, deep, .5' from run 1, Z
some crac~ced aggre- Iu~ jf.5

- ate. th~is rim.
4.0 -Ru2

Run: 3
Begin: .. I
rna: 6.2
D.T: 50 inin.

~ ~oo~ ec: 2.2
Remarys: z cked un

.35' fzom run 2,
Box ti

6.
Run 3

Run: 4 .
o egin: 62:

S6.65: manmade break, End: 11.2
7. Di.T: 3 hrs 30 min.Z
7. (~Rec: 4.

7. 3: ma~niade break. Remarks: Picked up
_./k .2' from run 3, 7

-a pulled off1 .3'
this run.

8.0

'V

9.0 -~Box 3

1 9.4: -7arL,ade break.

GFOR1836 opvoiK,,M P SOEE

MRO(?PAwSLUCANT) Dam 2. Mion. River hR WES L-3

B13
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Hao N.

RILUNG LOG Chic iiv" L~rk , D 7 o. 2 $.urs

I. vOJECT 10. SIZE AND TTPE OF 4iT ' a lp; B

Rehab. of Lock & Dam 2. Mon. River II. DATI RILEVATIOUSNOKIrTUIIj

&LOCATION (C-.... - J.R.I NSL
See RemarKs Ia AN.UDFATUR.'S DESIONATION of DRILL

S. DRILLING AGENCY Acker Skid Rix
USAE WES Is. lOTAL O. O. OVE- I DI*YSIR.o=  I uRRKN

SROLE NO. (IA. l - O .. M oI EII SA&I A -NP TAEN. 0
OI. TOTAL NIJNER aO NONES

ri" -AEor DRILLER- I&. ELTIOUNWC GROD ER 5
Dan Tavlor - •I[ tL&VATIGNGROUND WATER 'j,

6. DIRECTION Of MOLE .'A* -71 1
ToeRcIE.4o o .eL.cD Due.________ a. . . IS. DATE "OLE 21Oct 85 24 Oct 85

IT. ELEVATION TOP OF NOLE 732.5'T. TIINES OP VRUON 00
S. TOTAL CONE RECOVt*VO WOIo WoO. 100

IL DEPTN DRILLED INTO ROCK 0.01 TURE OF I

s. TOTAL DPYNOW or Lit 16.11 o,,. . .,:
ELE~VATI-ON DP" LEGEND CLASSIFICATION OF NATERIRLI %cons eOx a. REMARK$

IECOV. SANIFLE (oDmEIm I .- AR N
ERT No. . ... I. .h *J IO ~ jm M .I ll~l1mm

-.

1. ___ _.u_ n

.:un:
-- +-- , 11 -' 0 !O angle .neein: 11.2

_-a'. -En d : "G .1
D.2: 1 lir C0 mi=.

1 ec: 2.1
-ox RemarKs: icked up

L I fr- run 4,
-ulled off . t h t Ei

Dril action was13.. 12. c5: manmade sIoozn e"IrougnoutZ
-7: brea. -torinz. 1 =v of

wazEr ;aa retaiIEd.

- 13.7: ijl long 100% Z33 ^O_
void. D.T: drill zime

14. la-,'.. : 1" long Rec: recovery
void. Z.O.B: end of bor-
14.15: manmade ing.

A ell break.

MEB0S:0Box 1. .0 - 3.75
15.-2. 3.75 - 7.3

_~3 7..3. 1C.9
- 4. 10.9 - 14.15

5. 14.15 - 16.0

Loo.7ICN:
16. G_

0... 16. Run -- Large Chamber
flow

mono. 33 raono. 34
- \ Landwall -

- -

ENG FORM 1s 36 P aRvu cOJI s*81,I't. EI.ReIb ot Lock ;.1 Z.
Am T Dam 2. Mon. River SR WES L-3

(TRAMBLUC1?

. . . . . ., ,, . il . - + 4 aB1i4l l ln



HAIe W..
O*VS~R NIALLAVTION'DRILLING LoG. ~,L :"el - I*~2o 1s

1. 000C? T 6. Mse AND -- a or N'

Riehab. Of lack Dar Z, :~. v~ I U OR ."a. (TEN IN &NinA.
2LOCATSOII (C... . -~.1~2. UANUFAGTUWCXR "EG.ASO or DI! .

USAZ- .2.3 3. TOTAL .O. or OVER. I -TNNDRC .SVNR
4. NOLE NO. fA.. -AA, -IeAI *URO9M SANFLMS TAMI :

IL MNC o CMIL&M TOTAL UUNRE CORK 8ORES

Dan Tavlor- IS ELE6VATION GROUND WAVeR

STAV. GII O or OL9 ! A
5~or DIRETIO OF1Eca4 A. DATE MOLE

cvs-,e- CIN.CL.IN. c. F@.*N. 2.. c Ot3
IT. ELEVATION 'rOp or HOLZ -

7.. TTOTNAL OOMI OVERRUROEN WOO 90I
I. OEPTN DRILLED INTO ROCKt 's . TOTNAL CR orEVR !" ORe on R5

9. TOTAL OEPTNOFNOLK -- n =!et

CMAON Rr 0 CLASFAION OF NATERIALS CORE -OARmEARS

~--- 3i.~faceOon~it~o: .~d- ,un:1
- era--ely weaznerei 3e-zin: 0.0

agg. - max. azz. ziize . . 55 min.
i2". Ftec: 1.35

0.0 - 3.13 ",un texarks: l ulled off
;oracre -e: --ay .tI3

14 dar~ez -a azg 2O
-, ~ ~ ~ ~ 3 Lrae r~~~ in: 1.15

--- gg. 'iize is 2", pre- I 3.:.: 1hr 10min.
lominazel, suoangular tc 2.

entrarea ), ezraieu .1 from u .
air, many voids - .Pulled off .05,
none greater -:~a znsrn
diameter 3,deeu, z z~o ae a
2.03. vo~a is file Run 2 ofwater~ w.rua

W~f WOO.out 'Jari.g. Drill
acziorn -.zs smootzh

X3. . 21 tihrougsiauz borinS.Z

:iddla-.al

Large Chamnber

- flow-s

37 Ladai38

ABL-AUVIATICN.S:
max: mzaximum n
agg: awzeeate
D.T: drill time
Rec: recovery
Z.O.B: end of

boring,.

ENG FORM 18 36 ..REvIO.. OITIORS ARE O&SOLETE. jFROjECT Rehab. ot Local& x NO.
Dam 2. Mon. River 'R WES L-4

(rA ISLUCEII)

B15



OIVI$AON TAILAT iO LoCK S 4 U as M %Q . s. TLT

DRILLING LOG Ohio Rivet , onon shela River oc g sWIeF,
. POJECT Rehab.litation OL LOCKS 6 Dam IQ. size sAo TV. oc SIT 4, X
No. 2. Mononeahela River* DArU Fl EL .4ATR 59pRM(el k

.LOCAriOlc wm- ,-# mowa. nolith MSL
&31 42' in from river face and 12' U.S. of *.a

USAE ES R@ . .., v414- T'ut - w--,tef Rio
SA. TOTAL no. Of Over. I OVER.R - O.e SE o

A 504.L xO. (A, &- - GueM 1 ,UIOKN A5.I TA[m 1 12
BR WES L-8"

. NAME OF
r 

OLLN I4. TOTAL NUMnER CORE SORES "

Gene WarhUrt M3. EILVATIOM GNOUND WATER

4. DICECTIOR or O1L. 9tvRo I cO.'LZ+s

CMVGRT.e.svs..,AT"o.. l 18 Jan 86 10 Feb 86
7 ICUSi. E 1LEVATtOR TOP Of NOLE " 9

?, TWNNE55II Off OVENSIURIOEM 541 *9

I. DEPT" DNILL10 INTO mCcc 18.3' I. TOTAL CONE RECOVERY FOR O1/11 o 0 s
_S*_se______i__i__i__i

O
____O___O______8______ I. 5I~45AT4tle OF

1 

,s5,ElCTOiR

D TOTAL OlPT OF "OLE 73.2'

IKVAIO SwY~ EGNO CLAWIFICAV4R Fsate ~COME sox oR RE.ARNS
DET JMCCOWlm l

IIl  

SAUn~
AEOV APL (0.0 •

I - I Concrete. surtace intact. Run: I
crushed L.S. agg, maximum 100 Box Begi 0.0'
1". concrete brown w/dark I Ed: 0.6'
gray bank 0.5-0.6'. Entrao- D.T.: 3 miItped air voids, maximu 1/4", 10 Sample

, o ent aied air. .

Clavey gravel, some slag, Comnts: water runs
brown. maxi.mumouofcakbewn

pushed in w/kelly

2. L

3.1

Grind to 5.1-ft using
8-in. rock bit. Expect
to hit second slab, but

4. do not

5.f

Clayey gravel. 2 pieces 0 Samplep2it/2" n using
sandstone, brown, maximum 

2 150-lb hamer -

1-1/2 in. 2

6.

7.-

Grind to 10.0-ft using

8" rock )it

9.0Z

9.

ENG FORM I1 36 P U TIDN5 and OSCTE. Kehaoilitaton st -o's No.
Locks k Dam No. 2,

fTNAOVSLUCVCTI onongeoeJs Ulvtr BR W$ES L-5-8,

B16



H.I*N.. 1-R ', ES L-5 -,

~V1I" ITlLTICLorKS & Dam 11O. 1, Is"" T 2
DRILLING LOG Ohio River . ononshela River 0' 8 s.s-v

1. POJLgT Rehabilitation or Locks a Uam Ia. 11e "ao Type o et 4 .4 5"'
No- 2. Mononeahela River l. DATUN FOR L&VAT O a 5KO NR1Nj

43, 42' in from river face , u..o[th l.HAOUFACTUACfMIe4GATIO OfDRiL.
, OULL4Mo,*icy Failing Truck - Mounted Rig

USAE WES it rt
-

.. O ove. I T o i -O.
. MoEi 0. (a.. o I CUR SUAC .IMPL TAK90 12
,, O *. LC BR WES L-5-86 CORES 7

1. SeAMS or OmAo.R . ToTAL. Au=*osE cone oe

Gene W&ahurst III aLSVATISO GROUNO ATKX
S. OINeCTION or -019 II DATEVE I06 €O,....a!S* lltUC I 140f3.

0'...C. C.N - . D 18 Jan 86 10 Feb 86

7. 1.4VATIO TOP OF COLe 730.5'
?. VCICRlCessO O oRl~uRotC 54*

WI T LA Cape RECOVER, a. Rock du

8. OCIPrY ORLLO InTo ROCK 18.3' I*l UYoTUR Or INZCT rCTOIo

9. TOTAL OCP" OP COL 73.2'
LVACw .... sIL ..... .......ON OR .A.CRIALA a come Box o ... ARS

N CCY SAPL (d I. .- Ao. N

5" drive sample, using Z

CGray clay, S.S. gravel. max- 300-Lb hammer

O0 tmum size III, some slag. 80 Sample
/ pieces of broken bricks 3

11.

Grind to 15.0' using
8" rock bit

Bit brings up slag. 2-4"
in diameter and 1/2" to
II pieces of steel

4..

r"4l Slag and steel pieces 5" drive samle. using& Slag 3-4-1/2" diameter 50 Samle 300-lb haer

Steel 1/2-1-1/4" diameter 4

16. Z " 0

17.0Z

Grind to 20.0'. using Z

8" rock bit

_

19.

ENG FORM 8 36 10.evNo.s S set . s ",eosoLE e. I rRO
°

sc
r .e'abliitatson ot j 

-
ao

-

ALocks & Dam No. 2. )onon- BR WES L-5-
AfrnsLUCEPI7 gahela River

B17



n Hl.N. IR WES L-5-6

DRILLNG LOLCKS . )am NO. Z. I a -3
DRILLING LOG ovSOhio River • .v ro oRsv a. 8 o.V. osetyg

0 ve onongahe la River OFT8 S 99T

R OjEC1 ehabilitation or LoCKS 6 Dam I6. We .. 0 "Pe .9 x v'
[. 2. Nonon ahela River I%. OTU-FOR KLLVAT1O. (rVMI;X
ICATI.. 1 - 4-j Lanawa J.. mofloith MSI.

43, 42' In irom river race . Ll U.S. Ut .I2 -.*CTU0I o--G- A'OeOfOLL
USrL AE.-A.o1mC- .... .. FailinE Truck - Mounted Rig

(j s OTAL. wO. or OWE.. I -.- 0 c
*l l~l SO. (A. c . ,,nIIW Ili ICUSQOI 5AtI *S(5* 1 :

W ae -e ew

BR WES L-5-86
•M a,~so Dm0t.-.L4 TOTAL ... 490 COst 0.O1[S 7

Gene Wahorst I&, LEV VATSO GROU.0 .. Tx.l 010SCTION OFP OL.C - • 1•--

--lveMe. .€e,..o o___FROM ... a . Is8 Jan 86 10 Feb 86

W.1 ELEVATION TOP OF HOLE 730.5'

Ot"M ORLuI TOTAL CORE RECOVwVR 1O IkMaso Rock 80
S. SePrh OLLIO 10 d 18.3 ec*ATU.1 Of
11. TOTAL .OIIN OF "OL*E 73.2

"
'

LEVAYTi C CLASSIFICATION OF MATERIALS com s ox OERMAII S
- EA

Grind out casing with
8" rock bit

21. Slag. 3-4" in diameter.

steel fragments to 1-1/2"
1 %0. diameter 75 ;ample 5" drive sample, using
00 S 300-lb hammer

23

Grind to I 6", using
8" rock bit

6.
Slag. 2-3" diameter, steel ample 5" drive sample, using

900fragments to 1-L/2" diameter 75 6 300-lb haer

C

28.0.

Grind to 30.0'. using
8', rock bit

29.-:

30.0 __

ENG FORM 18 36 PA-U ROTIN AM OROKt Qjc ehaoilitit
1 ~o o.

"A""(r~SLC&V ocks Dam No. 2 oo-~ E .48
(T3ASLU~.~flgahela&River

B18
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1. SCJCCT RehaliL.Iti1un "Q Q 0 --s~e~ e o. WV ( 5
No. 2. mononvahela Rivet 61. DAMuO Fa-r7VrWWV" ME.e-u
LLOGATION (C-. - - 4-- Lanowa . mOtk 'SlugT61101 CNMIOOFN.i43. 42' in t ram r iver tace. t. . m ort sa;FcTCSC5MVoeFL

~O~s.5e~, ~'" Tr-o - 'lounted Riz
USAE WdES Ist.. T o. o0 Oen IVM -Me""G..

A . OLC NO. AA -NNA "u.. .uonSPC 12
ANS AN. ANNIMNBR WdES L-5,-86 -TOA0"9tcmboe

."Znor Cf.Mft 0 OA 0@fCR ~e
Gene hWariurst 15. CLCV^v'ON GROUND WATER

a. DIRECTION or "61.9 Is.4?K CAe-n0L9

EveRlCP*CL 26-4-L0nn on. !19 Jn, an 86 10 Feb 86

T. NFCNCS O oe"O"Cat 4.9 .. (LEVAYSON TOM OF KOLE 730. 5'

IS. CC""n DRILLED O *oC Lo 8.3 W- TOTAL CO-4 RecoveftV ton 2101141 Rock 80

9n. TOTAL *CPT" OF KOLE 73 . 2' t I.TR FW~CO

£LVAI. K~nLGEO CL-AUIP6CAION OF MATERIALS I conet .0 0. RnEMARKS
CeEAINOITO(a- Mccow SAMPLE I- Z._7 . .. A,

6 cid ~ .O. *4..MAj.MM

O0ne large piece of slag. 5' 75 Sample 5" drive sample using
diameter, steel fragments 7 300-lb bamer
to 2' diameter

Grind to 35.2' using
8" rock bit

34.L:

35

_Z ZSiilty clay, grayish-brown, 90 Sample 5" drive sample, using Z"' lgpieces to 2' maximum 8 300-lb hammer
-. diameter

36ozZ

38-aZGrind to 40' using 8"
rock bit

39 4

t 40. _______________zOSTK(a~7oo1.Lo

.. ?I 3 nvonn.on n SOI LoCks &Dam %0. 2 , io"on BR WdES L-5-
(TRANSILCENT) gatleta River

B19



FROCC Reablittin r LCK 6 aM 1. IZE ..L~ 1~ 0.CK a .. .

2., ~ ~ ~ ~ ~ ~ ~ ~ 1 Moognl Rvri.DAU LVATIO O14 SMOWN VOS -g:

U.SAE .... oWS..11. T8T3' .0 .1 O* C- ..... - V..
C. -oLIEI. 4Ar., 11W ot .73.2'.Ls .a

SCOR !OEO4 AC..

C3- ay,. s.. Iove tO 1-IFeb 76
or aC8. JI10 2 -10t.5slisp

- ml slag- piecs,9t 1/0 TOA O 9 syt g 300-l haIW Re r8

9.~9in TOTAL bi.t.

C~,~ 3rg lay, mixd gravel , 75 po -1 a sltpsm~~Ipal slag piece. o" /2 9 Sawp i n/ driveb hampler

to 10 Grindt 3 0- using

son crushed

I Grind to .8.5-ft using
4b.01 2'rock bit

48.

1~Pea gravel, siliceous. may be 50 Simol,
Ifall-in. one 1irge piece of 11

ENG FORM 183 oetu ffo:o~ Am oeo~~ L-CT KaiiA 'aion or -1 -0.

ocs&DmNo. 2. Mlonon- SR WJESL--
(T, A141LUCVET4 gahela River

B320



DRILLING LOG RiverononaeLa iver

PCO4CCt Rena:biiCation Of .QCKS 6 M a. sole *0 oc 1 0, X

NO. 2. Mononeahela River _' Q iro iT O
& Loc Y*rN eC - '-- Lanawa .UmonoiJ.th MSL
43. 42' in from rIver race. U.S. or I]. MANUFACTCUERtlO4GXATION GfDRILL*

RIL. .. 4oasenC' . -1 Failing Truck - Mounted RiR
USAE WES IL TOYn& MO.01 ove..

4L OLE .o. (A- nn, 41. @uMnt. SMPLut, TAKNe. 12
4 BR WJES L-5-86 TA O OE O 7 o

L N- O ORILLER
Gene Warjnurst I. XEvATIoN GnouNo nATIr

& OC1--c,0--on .L -Ave NOt. -18 Jan 86 : 0 Feb 86

7r nn.Cs..CSS OF OVO.0.n o4. . .n .. _ _E__To_ TO. OF _ oL _ 730.5___

4. 09F'Y"tM ILLED INTO MIOCK 1 8.*3' 4 l- COATRE O rm li sclC onsaRck8

9. TOTAL 09"N OF OOL7 7330.

, D CIICATION OF MATClI. 'I CORE 0 OF 5AI4.9 CCV LI E --N FREnv o ....coenov, ..w RoM 80.

Grind to 53.5' using

53j

S Clavey mud, brownish-gray, 85 ample 2-1/2" drive sample
14 ::.'Iand and s.s. gravel to 12 using 300-lb hamer

-.. aium 1" diameter- / I

55. Clayey shale, greenish-blue, Run: 2

s---_ ott Begin: 55.0'
Rubble-gray shale w/iron End: 57.0'
scalning, moderately hard. D.T.: 33 min

--- friable Rec: 1.4'

5-6 80

G6 ray shale, moderately hard.

'breaks at 20' angle along
iron-stained bands.

-- 3- - cored over Box

57 4 2

- . Iron-stained crumbly, broken Run: 3
up, brown shale Begin: 5.4'

End: 58.5'
- .Z- tHealed vercicle join. 80 D0Ti 5 in

5 8 -- Ric: 2.0'

- Vertical joint, open. hori-

- zontal crack, open Run: 4

Begin: 58.4'
End: 59.5'

59. 1 Shale, blue-gray, soft, 80 D.T. : 54 min
clayey Rec: 1.4'

Vertical joint-all rubble

An.0 r __/
EMG FORM 18 36 .anv,ous eo,,o N ,, Ant OSSoIT.c ReabklItation O0 ,IE "0.

- " Locks & Dam No. 2. Monon- BR WES L-5-t
rreTSAJucE~f ganela River

B321



I..l N . 3R WES L-5-d6

o~INSW TALLATION LUCKcsS 6d AM .1 . SN!T
DRILLING LOG Ohio River MonongaheLa River sceers

1. PROJICT &eflaoJ.J.iXoo .oL I 0. Sill .a TYPE O, W

No. 2. Mononeahela River " OAUM'0IVTOWIe0R(r1MI,
aLOCATION (C o.'N- AM,- Lanawa , qonolk= 'SL
43, 42' in from river race. l- U.S. . . 1 00u1L.CTunI~hsIoaTOeOIL.
3S. OWIOG ,oECY , Failing Truck - Mounted Rig

S. IrorAL 40 or OVER. I.... . OnJURRO

HL .1o0. (A. __ - 44 g., - .UAoeN SAMPLES "A A4e .2
.SM.0SC W BR WES L-5-86S..a-- DASU 14. TOTAL. HlUMER come gamles 7

.... no 0 hur st 1. ELEVATION GRU.N WATER
S. DIRlECTION OF KOLCe I& AT O 1IMOL

e 
C e 8

"Cng~vse* ,0c..,0o e e .o .. 0- - Jan 6 10 Feb 86

.. YoCKOReSor Va.00. 54.9' 170. EL ON TO 0 0 .04 tOCK o

. oa,,r,,ILLED TO ro, 18.3, I AF
- - Is. SIGNATURE 0F INSPECTOR

,. TOTALO LPC OoLE 73.2 "'_

CLVTO ET EED CLASSIPICATIOL F MATERIALS % COME g0. ON UC.ANS-CCO.. SAI. .... S-AMPL ....

Shale. blue-grav, soft. ver- 80 Box Run: 5
tical joint-open 3 Begin: 59.5'

End: 61.0'
D .'T.: I hr 8 n

1 Rubble 
Rec: 1.0'

Calcareous nodules Run: 6

Begin: 60.5'

Rubble End: 62.5'
SRubble D.T.: 59 min

.Rec: 1.7'

80 Run: 7

63. Rubble 8 Begin: 62.2'

End: 63.75'

D.T.: 1 hr I win
4 Ret: 1.1' Z

64.Run: 8
Begin: 63.75

End: 65.80

80 D.T.- 39 min
- Brown-stained area. caica- Rec: 1.58'

6 reous nodules, healed hori- r
zontal fractures

Run: 9
Blue-gray shale, soft o egin: 65.33

66. - moderately hard, numerous nd: 66.91
- healed horizontal fractures, 80 .T.: 51 min

-- brown staining and calca- Rec: 1.58'
-- reous inclusions

uo n: 10
67 .0-- ---- 567.80 egin: 66.91

Shale, brown, moderately Ind: 67.41

hard .T. 25 am--" , cc: 0.49'
Rubble_

68- 80 un: 11
Begin: 67.41'
End: 70.0'

Shale, blue-gray, moderately .T.: 53 rin

--._'---_ ard ec: 1.39'

69. B E8rown shale. rubble

-ray shale, soft to ,oder- 80

Zo -:'a hard_

ENG FORM 18 36 EDITION$ AMC OGSOLETE 11-
O JI C T 

Ken4L ion o a.
INAIR7t Locks.& Dato No. 2, monotn- 1eeTRAmiLVICLAf gahela River 

R 
WES L-5-8

B22



N

H.eNe. BR WES L-5-8,

,NSTALLATION LocKs & Dam NO. 2. B,eDRILLING LCG Ohi.o River or .... S ~r!o* CCseTS

. PROj[CT ,ena bilii a tio n GE L60C .S 4, ar S. slit O o I , ,
No. 2. .onon !ahela River ICOATUIN ION OIL oi.M O IN
r -LAT iO. f clM JlJ Lanawa Umnlt X , O SL

43. 42' in from river U. _. IX .UFACTURC uo. oeor
L1 ORILL1.41 To 912.,e

4

I____________A______ WES l_ IS OrTaL WO. OF O0e. O lOrVlRO
.ROLE .S0. (A. WOOS%.. 4,* SUNDER ILtS 5*TKN 12

BRWE 8 I. TOTAL SNUNGICORE 89995

Gene Warhurst Is. ELVTION GIOIO "ITeI

& O I AE C n I O F S O L K ' 1 -me R . A A n F@ LOTRNV".RAL OS,,.€,.,,,RR. RR- -,,*. . DT RL 1. RA,, lfl tn 1 RAh6 .

M . ELEVATION TOP OF HOLC 710 51
7. T"ICRKNES Or OVEOOENC[ 54.9' I. TOTAL CORE accoveT rou sOasEOROCk 80

S. al" oLLEo INTO ROCK 18.3' SP SIDNATUE OF INPECTOP

S. TOTAL. RP or LIE 73.2'
lVAT=11 IN l CLASIFICATIOR Of MATRIALS ,. CORE ee Oft RER

LEVAT I .EPTH I d ... ...• P ( , ' . . A.- 1-

Brown & gray rubble 6 Run: 12

Gray shale Begin: 68.8'
End: 70.4'

Brown shale, rubble D.T.: 49 min -
Re

c
: 1.6'

71. Gray shale. soft to moder-

:4=7 ately hard

Run: 13
Brown shale, rubble, mottled B Begin: 70.4' 7
with gray End: 71.7' z

72. D.T.: 40 mia
Rec: 1.3' -

Gray shale, soft to moder-
- acely hard

7 3- JC_ Run: 14

End: 73.21

D.T.: 45 min
Rec: 1.5'

LA ,ocks & Dam N/o. 2, Nonon- LR
rT IAISLUC r~lg nela River

B2 3

. ... .. _.a. , ,L" .--, -- , -- L- -----' k i .<
+

.. .



DRILLING LOG n. iie OCK . -am~ z2
1. PROJECT W62 N IWD

Rehab. of' Lock &Dam 2, ;.*on. Aiver
LOCATION 'c __ - -

3%?!1 LLiNO AGENCY - ,.erles - . volz
_U ." S 1133 ''s. rOTAL NO, OF OVER.- NURC .03..6V.....

,L MOLE .0- 11. -AP a. 3n.UROEN SAMPLES TAKENi
ARK .3Z j-

NANE P ORLLESTOTAL NRSER COME SOZIES

Dan 'avlor IL ELEVATION 0400"0. WATER /
6. DIRECTION or MOLE - 14.OUo~.I. DATE ROL - - c -

T. TSCRNES OrOVERUROE - I. ELEVATION TOP OP N.E -
7. THCKES OOVRBRDNAL come RECOVERY FOR 9004NO 1 0

IL O4PYN DRILLED INTO NOCK L! S ONTR P SPCTOR

9. TOTALODEPTH OF MOLE - - ~
LLASIPICAT% OPfYtIl CORE Jaox OR REMARKS

ELEVATION 0P"N IL916.ER 0R.?EO.. 1COV. SAMPLE -- _=ZENT 3.9. NANN3.. 3* N41N#

.imrzace Conuition: -Ran:
moaeratalv weat.aerea Zezin: 0.0
witn exposea agg. - _-' id: 1,15
max. agg. size is 213.. 2 m

- -ew crac~s w1flecZ11
1.0 ~si..ri seDaration are -.. ezark3:

near oy.
22.33 5:

uncrete: w.ay, zre- 1:: .15
com.nacelv crusneuk *-- 2.2. ' r 20n

2 .2 i.estcon e azg.. I ax I. C : ' I
sg size is I-,. pre- :1emarKS: O riil ac-

gaou cneysuanguoai j ion was srooo.1

2 .j OO ooio:cn ::,n Z througnout boring.
entrazeai .r, en- 130;. of water was
7rainea air, many
voids - none greatcer rezained.

deev, some agg. are 3izoI1: NS Z
Zcracked. a.,g:. aggregate

D.T.: arili time
.. ec. .recovery

Z.aree T7hamoer

-flow

.fmono. 47

ENG FORM 18 36 -tRIVI O:ITIONS ARK 069OLET9 E1CT Rehb. of Lock S tOua



4.le N.. .,-7"

DRILUNG LOG c:i3 . Lver :o)c Jam 42 . 1sT
.wOJiC i SiZii O T I O w *Y 6- 2-i .J n t

oehaf. c' Loc.(c Dam 2. .on. . r . Ot.UMIP ELEVATISONS.HOWNrMM.U

LOCATION 1C..... ,,

Sep Rf-arkq '. MANUFACTURERS OESIOMATIO OF OEILL
2. OMLO .GMY * inl P

*S o Lo.o. on. I .tu..c o iJ*?uSMMo
4 MO. E MO, (A* . ! * *l.j MUNOSM SAIOLCLE0S (AAE. O C.

5. MAML Or O€ILLJ S. TOTAL MUMCCM CORE 9OSES 3
.iarnurst iS. E LEATIOM GROSNO u AVERI n/a
& OIRECTION O MOF L L I

CEV.RVI-. L 01t______ ose. . C. MMMV, HLE 6 35 jL2Cr 85

*. V O.ALLCO 
TTo o0CK it. S. IOM T

ii 
O F I ,T O

7. TOTAL OLMYR OPL OL .51 _ ;3crerlt-
CLEVATOM OCIPR 1.941910 CLAMPCATIOM OF MATERIALS asOM c om so onEMARS

MEMR COS. SAMPLE (l)dfh"M SM. M A,

.-- ta no... .. ...... < , ........ ....

. ,.urzace -onairion: R 1
- - sliigntly weatierea Begin: 0.0

.. NZ.- wita liFnt scal- 3nd: 2.25
Ing. Lxnosea azzre- 2.2: 20 min.
gaze eenerally leso Box I qec: 2.15

1tnaf Remarks: Pulled off
O.0 - 6.5 Ic04 hole without pull- Z
Concrete: ray, -re- ing core on 27 Nov
aoinaely crushes 85. Cn 2 Dec 85

;ieszone aggreate, pulled run 1, 2.15'
maxin.um aetregate -ulled off .1'.2 -- , size is ;' , suoanru-jlar to anguiar, goo un 1 Run: 2.25

.consolicatLon, en- 3egin: 2.25 -

tra.zea - en.raineu Znd: 4.35
air, some aggregate D.T: 20 min.

3.0 are craced, scatter- Rec: 2.2
ed voids - none Remarks: Picked up
larver than :" deep .1' from run 1.
diameter unless notea, Zox2

4. 0

R1un 2

Run: 3
Begin: 4.35

5. -0 _ nd: 6.5
50 --. T: 2 hrs.

A 100io Rec: 2.15 -
Remarks: Water .oss

5.4 -6.5: encounter- beginning 4 5,5';
5' pipeki.d.) with Box.3 encountered drain

3/8" steel wall. pipe(steel walled)
S5. 4'.

6. ~ X0XRun 3 B3X:-
.O.B. Z 6.5 Run3 1. 0.0 - 2.15

Z. 2.15 - 4. 5
3. 4.35 - 6.5
N'ote: Hole aandoned

relocated 2.5'
downstream, see
hole --7A.

LCA2ICN:

Large Chamber ?low

r;onolith 49

ENG FORM 18 36 LVos o *T ,e oSoLTE. J e LOCK 6 -oL M,.

(7PA.VLUCIA Dam 2, Mon. River VR WES L-7A

B25



H,. N..-

DRnLLII4G LOG .lI ~ie I SxLtf

W IE -. 0VV of &'Ir-

,.TOIALOEPVWOPNOLE Z95'

A.,...:a. A.UII~lO Oa *VIEW'. S- TAOK E I

iS*aPI. fre9 [I CLV10

ELEVACTIO W, O fet a.x OI "LE

CLSIICTO *" e t s Of MATRCl" %cmei x 00 Rem r .s -

- ufc zca74n ac--, -- ,za

sca. 2tz. Bn: 2

~ sDaeuSr : nS.--'. 15 min. Z~AN~3-. ent~inO ai, Bx2 ec: 2.2

:eera -'5 e ss~ eEu.e
I~ri~~ are- crack-zma~

2. .ra ;: airo.

iun:2
-':::-.ezn: 2.2

nany vias Remarks: jorctea on

e s0i1a ia .t5e caoner.n2
-eter& ol-nl o-e ulied off .35'.

Au

4, 7.25: 9an.a2

Rec- 445-

B2O6



HN.,. _--

DRILLING LOG , 1hiO R "v' - ' , b'm #' OF I 
'

I. PoOJCT 9.. W 9l1 it A TI OF IST (", Diamond Bit
Rcbql , 1 Ta ,.. '' . *'.,y * ;owl 

1  

I. S AT UWl FIOE EISY[ A TO N IWOEW (Tf e" 54I lir

L..OCATIOE rC. , , MSL
See Remarks 'z. EANUFACTUNiEs OtsiGNWTIA of OiLk

Failing 1500
[t'AE WF wr. TOTAL NO. OF OV9I. bVL*EEEE u.ETIJE.EC

A. ROACO- (. ..- U,-. SUECEWf 6 ... LES Tt*W t
A --- . 7z'0 : 0

& Ec OF 1o4. TOTAl. NUiscER coRE *ICEs

jarhurst ~I• ELEVATION GROUNO EATEE

. IRECTIOM OF WOLf ? Ei I No"tvr

,EVe- oir OA. FI .WE I 3 Dec 85

. 17. ELEVATION TOP O HOLE -?10.5,..TICnIIesollollmulluul 58. 9' Concrete
i. ToI. CORE ETovERfT ,on bowO Rock 98. 09"K OILLED INTO MOCK 60.6 '.9, SGN.TsNe OF WIPECTOS

I. TOTAL OEPTP OF OLE 1 19.5'

CLAS*I1CATIO0 0F EATEES1AL lCOnc "ON ~ lE

11>0 A

-- " .un: z-
-7-

-'AR e.-z: 5 .z=. -
v nars: ;icked up

IC7an =a 55' from ranu 3. -
-. C

12.

4. Sox 5,
13 A . i :11 3X,

- - 13.1: - an mad e

break during re-
trieval.

Run 4

* .tun: 5
3ewin: 1.1.2

15- "_nd: 19.2

-2 nan made 3.?: 20 min.
',. break. BOX6 Rec: -. 75

Remarzs: Pulled o1--

.25'.

16OO

1'7

1001;

17.85: man made

break.
lb. A S

1E.35: nan made
breaa<.

3ox 7

ENGLFORM. 18 36 -.v,-u- IO61,ON$ A441 OSOL&T. E*OICT Reh.JD. at LocK Q N E.o.

NAT 71 IssUCzor Dam 2. Mon. River BR WES L-7A

B27



DRLLN Lor. ,,- -" )O 2NET

of.VCA TckM~R 7n. -iver AMO SWOUR MYt c

A. e ROLE LE 41Omcc 6 .6 . TOTAL CN. orVOV MY jO - T Oe so.

S. ""a or LO -TOA NRERCOEDOE

ELEVAION GPYN LGEND CLAINFICAVOI?. ELEVATION TCOP cOc NOLI ue
- 16. TOTAL COM.SPE REOER O gowan*4 

0. TOA 9 NOgOC 1q5

R.un 6
2 20. 4: 7-an maae 3ezin: 19(. 2

A breaK. d: 24.1
D. 2: 25 min.

21. 2l : a iec: 4.7
21.Z : manmade emarks: Picked uD Z

break. .251 fromn run 5,
1.::D ulled OI'f .45'

22 .

23-~

24.6 Rn

4 24.7: man made Bei:24.1

brea. D. : 25 min.
A Box Remarks: Picked uD
A B .0 45' rom run 6, Z

ulled off .15'
26.6--21. his run.

1 0M.

27. z2nL
0 27.25: man made

Abreak.

28. A

Run 7 o

S29.7: man made
brel.k.

.. "OM?8I ~ o~o~ ~ .c.t Rehab. of Lock "0-L(Go
(TASL~R"Dm .mon. River BR WES L-7A

B28



Not -e --

0-SIONM.I N..TIO -19I -

1*.-ma -aANC Faln 1 ule o0.30t

ANI ofe.~ run. :S

L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .u AM-FO.L&1 OALNI16,CR Ot

Varurs M L.CATIft N~uD wrn:
L 0.9CTON O NOC 14 QAC HO9 -T.. : 3.

CC).W.,.C" ~ ~ ~ ~ ~ .d 0'e..0 - 06.P00.3T 3Dc8
7. NICUR1 o ovno"091 5.9 Cocrte 1. L1VATON OPOF OL 210 5 nn

1. OTL CRE*C* ReNcwo sm4.Rok5 9
A. ~ ~ ~ ~ ~ ~ ~ ~ ~ o DZPTNcs DOOcLed uNORC 06 S UGApCO NPCO
IL~1 TOTA DEPT" OFn 8,C195

~L 37.55: 2an.ad

~~9..15 -ro run9 7,re f
-aue cecorne sili- f .1 hi

Adoraes rund. ~

22



- oNo --

VIS INSTALLATION 6.I16T

DRILLING LOG J hiv i rcL" Dam 2 0. 12 '"((TS

LPROJ(CTW. SIZE A.0 T101 01 SI - ~amond Bit
Rehal. !"f ... ..I_2,
L OCATION (C * - MSL

See Remarks IL MANUFACTUREN.S O0I[8.ATIOR OF 01...
jORILLnAG*@.CV Failiis 1500

USA W S OTAL NO. OF oveR. I OVERe(@

. MOLE SO. (A - - te . 1 . UROEN SPLES TARKON i.0 M.0

,mm M. --.. . 0-
1K TOTAL .UNSER COME 60.92

S E O ORILLERiV

Warhurst I ELEVATION OROUNO ATER
4L RPICT4 O E _34E4t. w DAEHOLE 3 Dee 85OR.. I.evOIo I.-o oL 0

I0. LEVCATION TO OF9 Concre7e
7. TOTAL CORE RECOVERY FoR DOMINO ROCK 98

s OPIFT" DRILLED INTO ROCK 60. 6' . .I.. IGATUe O NSPeCTOR

S. TOTAL OEP'r N o".OLE 119.5'
evATII D. I L O ICATIO OF MATEIAL SCoRe RO. OR

ELVAIO DP? LGEDRECOY SAMPLE (D,8Wj - .=. ftAI, I

-- . '(-"'.Run: 10

41 . 25

i Remarks: Picked up__,LS,°,t.25' from run 9, Z
-,>'hole is clean.
-- A' Drill aczlon i ecamf_

rouen near 39.5'
-rooaoly aue to2 -the chanze in ag-

42.1: -an made gregate.
break retrievng

core from carrei. 1un

-'
4 3

Box
15 -sun: 11-- -I DBegin: 1

Endi: -c.

45 - .: 35 min.
1; 45.0: horzortal Rec:

067 fracture - nosi- Remarks: ?ulled off
bly oue to rouln.

fli. drill action. 1

4 6. /

46.5: man made

2 break.
47.,, ; 47.1: n!an made

62 break retrievilitc
core from barrel.

R1 un

Brfx
16

49 -
49.: ,an made

break retrievinb
core from barrel.

"tNG FORM 18 36 pREVIO eDITIO* S ARE OfIOLCE . 14o"EcT Rehab. ot Loc K I * NO. - -
NAN TI Dam 2, Mon. River BR WES L-TA

(TRASLUCIJ



DRILLING LOG .. I .Z
I. PMOJeCT IO. SZ N D T1.9 O SIT A" Diamond Bit
- anh. . !>ptt 4' "s m 2. ,g. - IV_: ,. DArup I ELEVATION SCOeN rlflLJm.
L kOCATION rC.... .... M -

See Remarks M .. ApiCTURN.'. OESIGOATION OF O RL.I.3. w~ma &aamCy Failiny 1 500
USAE WES 1. TOVAL No. o ovER. I OVE lrR, TauNeeD

4. ROLE NO. (.4..,.., - MOEURDEN SAMPLES TAKEN*,. .. *. 3 R ".2 -'0 : 0

""CaE or DRILLE M TOTAL NUmmER COmE aOxES

riarhursc T ELEVATION GROUND WATE

G. DIRECTION O= COiE !ae Co*ATSlGO

CNVE.CAL C.-n0IELN o. 'No, . DATE 3 Dec 85

7. T NiCESS or O am j8.9, Concrete 11. ELEVATION TOP OF HOLE 730. 5'
IDR TOTAL COME RECOVERY POn OmNG ROcK 98

G. DEPTH___ _ __LL___ INTO NOCK 60.61 _ _ It_ . SIGNATURE Of INSPECTOR

9. TOTAL OEPTNOOLE 9.OLE

ELEVATIom oapY LEGENDl CLA2UF1CAYT OP CATERIALA cORe ION OR I eC..05

NecoV SAMPL.E .D'CW1 - .N *Ad

N d e

.i1jn: 12
" egin: 4..- " - " .- no: 5;.6-

Lox. 5..: 35 min. -
151. -' 1 7 ec: 2.55

:.emarcs: :icked up
1 .1' fr'z run 11, -

_ullei off 2-35'
:-,is run.

5252.: man mace
breaK retrievina
core fram carrel.

Run
12

531 Z -

- 53.15: horizontal
fracture - poesib!I
a macnine breaK. Run: 13

-ein: 52.6_ ./ - nd: 55.3-
54I,: 3ox . 3D 0 rmin.

518 Rec: 4.
-e~marxs: rickea un Z
-. 551 fron ran 12,
.ulled o.f 35'
t-,is run.

--5 ? Run

iun: 14
3eein: 5. -oox . D-- -' , ~Box a .

56,_ - 19 : O min. -
Aect 5.0

1/ O0 RemarKs* icked up_-.351 from run 13, -

Z 56.75: 41" aggre- pulled off 1.451
1 gate. this run. Jent

57. 56.85 - 57.1: man back in the hole
made rubble gettin 3, tried to pull
the core out of the rest of the -
the catcher. core - retrieved -

.251, thereforeleavic 1.2' in

58.t the hole.

58.45: T~an made Ruthhoe
break.

Lox

59. -

ENG FORM 1836 ... v ,oNS ARE ee 1 ' a" T  Rehab. ot Lock & -OLE ,,o

1TRAPALUCERI Dam 2, 'on. River BR WES L-7A
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Mole Ns.

DRILLING LOG JOho River -onon-ghela Rivrr-o 2s......
1. PeoaeCr R habilitation of Lots Dam No". t, 2,.Sl[OT Oe' "X-3

Monongahela River . ~u o LvtNSO. a
CIALATO 60CTIO t ,N,,u. A, lfwWRI

aee RemarkIs 12. MaIUPACTUNE01*1 DESIGNATION OF DRILL

.. Auyo o o.1 t O SCIL Ce*.s I... vST AGENAY C1 [Ln Dec08

S A H O L E S 
I T O T A L N O . O O V E R- I 3 0

No . (A. NANw o m 1ce I SURO, U S ..a LES TAK OEN IWIN ~ BR W'ES L-7A_
IL ""4a OF O"I'LLIER 14. TOTAL* ""lleN CORE eOXE[S 4t0

Warhurst -- Is. ELEVATION4 GROUND WATER _

4. CIRICCIAT o orL n*,, L O c
90

o
m
v HOL ;S 0.UIK , 1:e Nam &s

DSI .aN WEN. 1A~ 1O~ D"ec 85

j-, Tmic lmEss OF OV m u OaN 58 .9' concrete . O

e. O IkN OIIL..EOl~ir iqce ht 6!1I
. 

JIGNATURS OF INSPefCTOA

S. TOTAL CC""l OF' COIZ 119. 5'

eCL4.V TIONi OlinP LIGIInO C VA /ICTO. 
O 1

F MAT~j~ OXIuI 0%j come 11OllX ONMN

Clay Shale: Weathered Run: IS

bedded, soft, becoming End. 61.8'--
soft to moderately hard @ Bag D.T.: 2 hr -

).62.7', dense, flat bedding 1 Ret.: 3.8 -
solid, silty to very silty Remrks: Taped hole-highly fractured w/slick- to 60.9. Drill

en-sides, action was smooth _58.9-62.7: in clay shale.

Essentially rubble due to
62.. deseparaon of bedding

planes. 0cc. gravel sizesiltstone (2'). Run: 16 -

62.3-62.7': iWan v open B g n 1 8
fractures-essentially 62.7 en: 6. ' --

rubble. D.T.: 2 hr 30 m
3.~-- - 962.7': Open Hin fracture Rec: 3.6

...@63.3': Open Horizontal Remarks: Taped -Essent l20 hole to 64.5'.

-_-_ @ 63.5': Well heeled silt-
6. s stone filled fra -

64. - Pl@ 63.9': Well healed silt-
s stone filled frac-

63 - 6.:OpnH .fatr3cure.

Q 64.15': Open horizontal 64.5'
fracture after

" . 3- . reaching surface. Cr6@. 6.5': W _

Silt/ as Weathered gray-

- __ with very little red. 65.5' Run: 17 -
64.4=thinly bedded, moderatelyB :

-- ----- hard to hard, flat bedding en: 6.'gen. solid, highly frac-
66. tured (3" sp) with gouges.

-- (gun, silt filled), slick- Rec: 4.0 -
en-sides. Remarks : Taped -64.5-65.5': hole to 8.5'.

Rubble: As a result of
6, --- cutting over the core w

tthe core b1., occ. silt-
-- stone gravels (2"). 21-

65.-9 65.5-68.5':
- Many fractures, well heale

and open, 2-3" sF.' open
fractures as follows:68.with @ 65.5': Hi L

- n- @ 66.1': Horzontal v/a fewR
---- fractures Just above. 8.5' 55

- - @ 67.35' : Horizontal

69.sld hgl rc-Ed 93

66. ture70.0 (3" -- wit gugs .___h_1_m___
ENC FORM T836 pmevOS scracs see ILCtC. a*°Ot(LRehaiito at 

"

Locks & Dam No. 2. onon- L-TA
stoneavel gahela River
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HAIR 14..

10 ....... "SMALL~M .... .. 0" V"" ,.O "' 8
DRILLING LOG Ohio River Monon ahela Riv\r or 12 S.eTs

IojeCRehaoli.itatlon OL LocK a am No. 2. i.. sze o TeRE Op r my 7-3/-3/1'
Monongahela River ,I. DATUMI FOR CIeVATIOC SMCWT.V MITA1.J
L LOCATIOR (C - w MSL

See Remarks I1. MACUPACTURER' OE[+4G.ATIO M ORLL.
4.oRSLLG.. e.c Failing 15U0
USAE WES 13. TOTAL "O. or OVER -111041C
& OLE tI0. (A. , - UR0910 SAPLIS TACEW! 1 0BR WES L-7A

L AE OF ORILLER 14. TOTAL NURIER CORE SOES 13

Warhurst O. CLEVATION OROUO VATER --

6. DIRECTION OF RI.e DATE "Rf !c~L...O

M VeTCAL En__Co CRC.oRSC ? 3 Dec 85
17. ELIVATION TOP Or "OLE 730.5'

1. TNICEeSS OF oveneRuolR 58.9' concrete . cO E R . 9
OS tN Ofsaco INTO C O*6 .l IGMATUiE or IRRCPoCTOR

9. TOTAL ORPFCorOLE 119.5' - -NIt"[ O -

CLASaIVICAIOM O MITEIIALS I CORE n0t ORC *EAR.S
ELUVTIO m~le LOCC I. RZCOV. S AIRPLg (00..A~- RMA 24

68.5-69.2': 22 Run: 18
I side of vertical frac- Begin: 69.3'
ture is rubble due to End: 73.3'
cutting over core. D.T.: I hr 50 min Z

@ 69.2': Machine break. Ret.: 4.2
1 .- "- @ 69.55': Horizontal frac- Remarks: Taped

Cure.
69.7-69.9': Irregular 71.4 hole to 72.7'.

@ 6 - - rDrill action became::
- well healed fracture.

70.2-70.6': Well healed
vertical fracture.

2. --- 71.5 : Irregular well
I zj healed fracture.

73.0 -- 4 - L 73.1': Machine break. 23

Run: 19
Begin: 73.3'
End: 77.5'

4. D.T.: I hr
Rec.: 5.0
Remarks: Taped

74.55: Machine break. 74.55 hole to 77.1'.

75.7': Machine break.

75.7': Well healed

6. vertical fracture.
24

76.6' : -

77.1

Run: 20

7 .Q Begin: 77.51 _--
End: 81.7'

78.3': Open horizontal U.T.. I hr
fracture. Probably a Rec.: 4.1
machine break. 25 Remarks: Taped

hole to 81.2'.
99 78.95': Open horizontal

fracture. Probably a

machine break.

ENG 8 Loces F Os No. 2. 1onon-
(rPArxsuc&R in gahela River L-7A
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ae N.. L- ;.A

DRILLING LOG Ohio River Mononeanela R'ver or 12 s..eTs

I..-PNOJ~cTRehaoi ica ion OL Luc&. 6 vamd N'o. it ie AO -re ni OF SI ,-j-'

Monongahela River 0*Niz LL L.VAT'.o S.oNN F~nFX IF
L oC*Ti~n.om i.. - s'--, MSL

See Remarks 
12. R

U
n 

A T U 
R t

I
N

*
S OEZG..iT. OC M ILL

& O".Li.G .*.6E Vailune 150
USAB WES

I_ iT NO OC OVan. 1 mo-VUno UMOls .. ...

U. iun Ot sAPLs a 0 0
BR W3ES L-7A0 0

S NiKE OF ORILLE a 14 TOTAL NUo ie CORE eO l* .0

Warhurst IL ELEVATION GROUnD RArVER

& OI-ECTIOR OF MOLE itnOAen SMOLl C

1V - 1VOg: * M L _ _ .0 - L. Iy u Dec 85

'IT IhlZVATION TOO OF MOLE 7 0. 5'
7. TiC IaIr OF O eGnunoen ;8.9i concrete

,k noe" oRILLEOeovgnn eo 905*MG "Rock 
98IL ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 alsNJl~.OIT OI ,O ! IGNATuP1e OF INSPCCTO*I

9. TOTAL Olt 0 oKeOLE 119.5 1'

ELEvSCAI SSIFIIiCATIO
N 

OF MATRIAtLS R CORE no. OR ....$

a~vTOR grn__ IIt- 11__ rcwlnecos.S.c =- . -__

-//i 80.1' -B

26

_ 7Begin: 81.7'

End: 85.9'

D.T.: 1 hr 20 min_

83. - - 83.0' Rec.: 4.0
a 83.0 - MB Remarks: Taped

hole to 85.3'.

, 83.8' - ,tB

84. ---- Removing catcher.

27

-5.
85.3'

86. 86.0'

86.2-86.6': Machine cut Run: 22

- - over this part of core. Begin: 85.9'

- 86.6-89.3': Well healed End: 90.1'

vertical fracture. .T.: 1 hr 15 min
Rec.: 3.3

87. -- Remarks: Taped Z_
-__ hole to 89.3'.

@ 87.7' - MB
- -

-  
87.7-87.9': Low . el 28

88.4- healed fracture.

" 8 4-88.7': Hi Z- well
- healed fracture.

89.4-- 3 89.3' slick at bottom of

- recovery. 89.3'

1 Broken from going over the

core with the barrel.

go o0 - l - 2 q
ENG FOkU 18 36 e.evio,, v e.TIOnI ARE OisOLETE. CICT RehabLi oi K f. io .

Locks & Dam so. 2. onon- L-7A
rr*AnLucelvn gang Ia River
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1.ctr wih lck 9. Rn: 2-oJCKe9I~tC~ Bein 90.1Ja O 319.a T F 1

90.5-910': Onen iii L1.ract.re 'C _i Rc: .

'emrks Reaped
30 Aol OF 92.05'

2. 92. 5-9 .7' Well healed50s 4

NOL ILr to474 Sat OFray.~~a

Wracture w-lik 'rL

Mon a '. abl ar Uah n b k

Run CA4

aaann breaK. rD'd t hr~~~~o Iat ec: 36

900' Open hoiznta
racture wiethk slio-

r90.65-9.0': oe Hi 32Ed: 9 .6
Dppea fro ar macmie

bra. r isi ec .

?29.459': Wel healed 
-rattr. Silmdrtl

'1 9.5: Open horizotal131
fracture Probably ao

I bbamachine brea k.990

94.4': Open horizontOpenun: 24

n... racture ,/sick. r -8
End: 96.~

blv a mchine baane h

0 Rec.: 3.6

Remrks Tae



14.l. N., L- 7A

OIVISION IlrSTALLATION .... ,. A ..ID .- T. s ""emT

GRILLING LOG Ohio River "ononvanela Riva-r or 2 S.eens
I. FMOJCTRehabij.tation oL LOCK S &W NO. o 10, SiC o AND of ou" BI X 7-3/4

MononRahela River j I. OTUMFo (7LeVAO M 0AO T ,I jj

JL LOCATION (C -.. - 1 SL

See Remarks '2. .A.ueIACTu[EP's nus
I
o

I
*n

I 
or Oh..

.ORILLING AGeNC Failine 1500
USAE WES

IL NOi NO.. -- RN I @UROe
N 

SAMPLeS TAKEN 0 0
ANN 01, BR WES L-7A '. TOTAL UOgm COE coxes 40

L NAME Of ORILL.TO

Warhurst IL eLEVATION GROUNO ATER ---

K.16 DATETIO OOL OL ' ANE
oc.o Nu O Dec 85

o1. eLeVATION TOP OF HOLE 730.5'
7. TCKMESSIb ovfuM-,uoeC B 58.9' concrete
. EPTH DRILLED INTL) ROCK bO. 6' I. S'ATuR0 OP n ISPecToR

R. TOTALP aT" or OlC 119.5' 1CORE no. 0. ME ... 2
LILVATI o L NO CLASIFICAION OF MATIRIAL ZCOE 3OARecov- SANL I[ (O.I 1m. -- Njat 0RN4

ER? NO.I ' A.... _ .-
b- d

.-. 99.9-100.2': Hi 4 Run: 25

fracture w/slick. 33 Begin: 96.8'
End: 100.6'

- 100.4-100.8': Hi L open D.T.: I hr 10 mi

fracture w/slick. Rec: 4.45
01

-  
1 Remarks: Taped

100.9-101.3': Hi L open i01.3' hole to 100.15'

fracture Wvslick.

02 Run: 26
101.9-102.3': 34 B 10.67-7-1 34I.9 Begin: 100.6' Z

fracture w/slick. End: 104.7' _0.T.: I hr
Rec: 3.15

- 02.5-102.8': Hi I. open

03- - fracture w/slick.

- 102.8-103.3': Becomes103.3'

harder w/silcy pockets
or gouges.

0Q4
103.3-107.2':

-- Clay shale: Weathered.

highly fractured space

- , generally 4-6", gray

, - becoming red near 1 3.0'.

105 - soft, gravel size silt, 35
---- stone filled gouges,

thinly bedded, flat bed-

-------- ding, very silty. Run: 27

Begin: 104.7'
103.3-103.6': 105.8' End: 103.0

106 fractured rub- D.T.: 2 hr
-'iPartially ble Ree: 3.7

healed Remarks: Taped
---- Fracture @ 105.8 low hole to 107.2.

-- open fracture. h 0

-- @ 106.5-106.8': 36

107 -- Low open

fractur w/slick. 107.2

107.2-111.0':

Clay shale: gray.

weathered, fractured.
-10-'_0 ' moderately hard, thinly

1080 -- bedded, flat bedding,
solid dense.

- . 107.2-107.9': Fractured
to a rubble; went over 37
with core barrel.

09 --. ~ 107.9': Open horizontal
0 fracture.

" - - '- a 1o9. Open horizontal
L.. 0 "~'r- fracture.

ENG FORM O8 36 PRFVIoUS O TIOfh A 0 OSSOLTE C oj ct Rehab iitat on ot
EG FOR 153Locks 6 Dam No. 2, Monon- L-7A

trx"SLUC"7) ganela River
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He Me. L-7A

INSTALLATION 40 . jI- * ia
DRILLING LOG hiver Monongahela ver Iv.

o  
,,e...

t-PeOJiCTRehaOlJ.l.acion uL .. jC 4 -m . O. ., 0. SIZE A O-IPOt .T 0 . -1

Mononeahela River II. OTUM FOR TI OW AMORM ,eT* Im

LOC~tR (Cda0. - ~MSL
e R rks ., 13. AN UAN CTUReR $ oESIGNATION 0 OfDR I-LL

L ORL.,.G AGENCY Failing 1500
US& WES [3. TOTAL .o. OF Ove.. AD .MOtu=He

-MOLe MO. (A. . M . ,na. MIUM SAMPtes e A.6 0 0• NMm,,.. - R UES L-?A"; '

L. NAMC OF OR.I, L
-

14. TOTAL NuMeRE COME GOES 40

Warhurst I& C
I

S ELeVATIOM GOIUMO WAYER -

4. 04RECTION OF NOLS -. !oI"g

fVrtIcaL CM.ilITM 046________ . FROM - S*T. Id. DATE NOL.I 3 Dec 85

T~nx. "I eLEevVIoMo TPOPROL.E 730.Y'
7. T.C.MtSs OF OVEROtROEM 8.9' concrete S

S. CC"" MILLED Rn MC 0., - i's. TOTAL COME aecOvERT P OR00- 6Dock 98
S. SIGMATURE O ,SPECTOR

9. TOTALOE9"" OF OLE 119.5'

KJVIOof.CLASIFICATION Of MATERIALS 'CORE SOM. REMSARKS1

-Run: 28

i-.-'11.4-110.5': Fractured to 3 11.,Begin: 108.0'
a rubble. 38 10.5 End: 112.0'

/ 110.5' open horizontal D.T.: 2 hr 10 a13,

--H"-----, fracture. ReC: 3.8'
1 .. 0-113.9': 111.0 Remarks: Taped

Clay shale: Red with some hole to 111.0'.

gray . sot. weatnered.cl

1l2~ hignh fractured with some

iicts. thinly bedded.
flat bedding, dense. solid 120
111.0-112.0': Rubble due

to drilling over. Run: 29
| -, ! Begin: 112.0'

- - 112.0' open horizontal Bein: 112.'
/ - fractur. D.T.: 2 hr

112.1-112.25': open low 38 Rec.: 2.9'
angle fractures. Remarks: Taped

@ 113.' open horizontal 
hole to 13.9'.

fractures. 
I t

@ 113.65' open fracture/ ,with slick.I /
113.65-113.9': fractured Bag 4 113.65'

to a rubble. Mag 5 113.9'
B61.9-117.0':

Clay snale: Highly frac- ag 6 114.3

tured, weathered, soft. Bag 7 114.6'
motied, flat bedding.• ,~hinly bedded. solid,
11-.----' t3.9-114.P,: orubble due I

. -o dr Iliog ver.

114.8-1 .1 l ow angle 39
partially healed frac-

hori-o t Run: 30
--I'- d 115.6 open horizontal Begin: 115.8'

_. £~~r, --cture. ' n:I80
16.6-117.0': highly End: 118.0'

- fractured to a rubble- 116.6' D.T.: 3 hr

Bag 8 Rec: 3.1'
117.' , Remarks: Tapedhole to 117.0'.

Cla- shae: h Jrc water color
---- tureo, weathered, sort.Wtroourea wat 'erd Sott changed to pale

_ -otted, flat bedding, r g .ed at 117.4'

thinly bedded, dense. r a t "

solid.

117.6' low angle open
fracture. Run: 31
117.8' low angle open 40 Begin: 118.0'

~~fracture. End: 120.1'

117.8-117.9' fractured to D.T.: 1 hr 30

-z.N a rubble. Rec. : 2.5'--I Remarks: Taped

19 A 117.9-118.2' high angler : open fracture. hole to 120.7'.
118.4-118.8' clay tilled

low angle fracture. 119.5'
. 119.2' low angle open

4fracture with slIck.
17 0 .- 119.5' E..B.I

ENG oRM i1 36 ,R,, Dv TI[O t o 0 . 0 1 t OOIETe PROECT Rehabi litation or MOL M .
.A. F1 Locks & Dam so. 2, ioon- L-7A

frRA.31.ce/fl gane ia nlver
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i H01el H. - -

ORILLINGLOG *j, ,vor ock -, D -i r oP2 g-eys

Rehab. or voc. - 2, "on. R-ier •
"LOCATIO, ICANINNA.. w ,,, .. .l.

See .Re4-n'l*. rK S 12. MUAUFACTUAOOR'S O(SIG$IMTI014 Or DRILL
& GRILLING AQEOCY 7, 4"

IS. TOTAL. W 09 CVT. "' UO. UOVOC" COLC NO. (,. -A A ,... I.I - *UOOCM SAMPLES 7*0(0 I I 0
N- ,. AN.(V*IO -:ZOUNO -*773 7

a.~~I CIOVCYION OROUNDLEfltoc loeoo

ms.,,,,.,+.. C],-€,-,-.0 ______ o0. .0,o. . DAO ... Ze 5 18 le 85
,. IC lLiO V ATIO TOP O P O EC

T. YoICKOEUS or OPEOS1UM*CM
. DETH 0 0LL. INTO ROCo -. , I. 0GM&TC COME RECOVER, 1. 06041 .4

0. SIGNATURE OP 00P.CT

9. TOTAL 0CPT"Or HOLE .o 7 .ncre e
ComVATION 09" 119040 CLAS .IFICATIoOA Or MATERIALS I OO .0 I

KLZVAYI000__ 01A EENI 0COV~ SAMCIA a 00., . - .

COME . OR I/

3urface Conaition: Run: 1
slightly .,eataeren 3egin: 0.0

_Z %q ,,itn li-ht scalinz. Znd: 2.2
?rj. Maxinum exzosed a 7-re. -ox D.-: 15 min.

~o ate size is '.Rec:- 2.2: :ol es lca7ed cn a Aemarks: Started
surface crack n roe hole with a thin-
to . ra- seon= t ax- walled diamond bit::
t+enos.

O.0 - o.0
2.0- A.1 cr.creme: gray, zre-

tommnateiy cr-isaea Ru
_-mestone az=-re e, .
3'.oanzalar zo arzruar -un: 2 -
has en:ranea aLr, 3egin: 2.2 '
has entrained air, Znd: 7.15

0 many voids generally 3.2: 50 sin.
less than -.' diame!ter R e c: 4..*c35
& deer, some aggre- Remarks: --
gate are crqcKeo,
0.0 - 1.5: maximum
agg'regate size is 0 Box

1.5 - 10.: maximum 2
aggregate size is '-

0.0 - 2.85: vertical
crack in core -
becomes open , 2.2'..

-I- 2.4 -2.5: oncmient
0- vertical cracK.

:3.73:. co'er qire
- ' " ' n core.

S5.75: n ade

6. -break.

Box

A3
Run 2

Run: 3
Begin: 7.15
- nd: 10.65

e. -- ' 3.7: 55 min.
Rec: 2.5
Remarics: Pulled off-

Sox u5'.

9.Q_ A zi _-V1A T\Nz

SD.0: drill time
Rec: recovery
7.C.B: end ofI -- /'-. ' 'boring.[

LNH. fORM 40"61.wu IOTOW N OOOOLET( -I0I* e~oO Lock & .01.1 00.,

36 e Ev~o DI TIOlbo AMCtc OOOCT elaO. ot oi .1;r(TNALUCtN1- Dam 2, 'ton. River VR WES L-9

B38



DRILLING LOG TLCKO ', ;,An -; j Hd~ Iecrs

I.PRJECT 'a- SIZE -OO TVPEOTA

lenao. jjC :Oe- ; ~~- .:on. 1' 1 I. OATUM PON WLLVAIO lADENWI -T rid

LLOCATION ICA.. -£1 SL
See Remarks tZ. MANUFACTURER'S OtSIGM-TiON Of DRILL

8. DRILLING AGCOCT Failina 1500
IJSAE liES I&. TOTAL NO. OF OVEN.R *VUNO IMIVNN

* HLC NO. 1,1. - 1rS.1 SUNOENS SAMPLES TANEN a
mm IN. - .. j 0

L MARC OF DRILLER1 OALMma om oa

Warhurst Is. ELEVATION GROUND WATEN n/a
N. ~ ~ ~ ~ ~ ~ 4 DIRETIO OHOLELE NE CNLE

VEICAL !ICIN s.. ET N AEHL 18 Dec 85 1B Dec 85
IT. ELEVATION TOP OF NOLE 730.S'

1. TICK9SS F OSMOPOCI 0. LI TOT -L CONE NECOVERY FOR ONIN .. 100
S. DEPTH ONILLCO INTO MOCK 0.0 2i. SIONAVUNE oF INISEC

N. TOTAL 0EPTI OF HOLE 10,65' in Concretei V_______________

CEAONCLAMIFICATION 
OF NATENIALA ICONE NO% ON NNE

ELVAIN EPHLEGEND CO* ~ ~ NCOV. SAMPLE IE IN 1O.~.

I,- I a., -- m-s

/Y V

- as
L

0

-Z-

EN OM1 6 o IU TIN$ ANKTT DANLET 2.OEC RhOf. Rive LoR lIE L

B39



021LU1KG LOG i .~v.r 7-i- INCETI

I. oNe'cl W. s52K .o I'M( 0r PT I O

.ienao. of 7..;ckc ... x.:' *TPN~NMN21

~ao .~-~r' 2. NAOIJPSCTSJNINS OCSSONAtTIOR OF OPILL
S. ONILL. AGE.CT ''u' tl~~ 0 Az

.Jaafl-~~I . ,.TOTAL .o or Ova- -AVSK .. a.K

& ROLE NO. (A..* "". -fA9 -APE TAKN

1.TOTA *" UGI CORK OKKNE

..an ?avlo r-- IS CLt4ATIO. Q.U0.Tf

4. OrngCKW439 OF OnRML I n r 2 (VIO 
TPO O1

7. ~ ~ ~ ~ $ TOTALKSO CORE~Y onr : e~Ncovcm FOR ww~ Rock 98
s. DEPTH ORILLco .TYo Roe%

t. TOTAL oclTS or .43'.S

EEAINCLAUJUICATION OF SATIMM"L % coRK le05 oN
ENTOV ,O K ~ ~ N0

rlx iriace ;ouizon: Hun:
sligAtly -ieaTner-rJ re 0.0fl

, 4- .aUir!um excnosed R7- D. 45 -in.
z- reqate size is ;i. e 2.3

2 ' oncreze: ja,3&i ox
coswirn occasi:nal

:-~roona-es. naiu

r:; r zrzei, .3uo-
rtu oe s:0 zz la:

-ooa conso!_:atzfl, -i
::entraz:ea L:r. n

.;- entrainea air, scaZ- R~un: 2
c: terea voids 7,enerall,; Beizin: 2.3

3-less than j" _iamelter ESn : 4.6
5, deenD. : 303in

1.0: nan made brea., Rec: 2.3
f' retrievinz core. eak:-6 .. C -1.2: man nraaeBo

a - he core.

core is cr7ce .Run:
5. Zremoving :atcrner. nevir: 1.6

a~ t7in..7 ec: 2.2

3c: RemarKS: --

7. QZ un: a
Begin: 6.8
Znd:- 11.8

.4 7.6: man made break )..': 1 h r 50 min
iec: 4.75
Remar,,r: iulled off

9.8: low ancle
fracture with 1'

-~ steel, rossiblv duoe

EdG FOOMIAI836 FNOU EOIORNN-&t ORNOLKYK N-OAC, LLN

(rRANILUC9NrV

B40



H.le N.. -

OHSIOK ,HISTALIUITIOR InLET

DRILLING LOG _a mer- u".4 . '" oF +0 SHEET,

i. PROJECT Ia. SIZE ANO TY* OF ITy

Rehao. of Lock .m 2, _n. ti*'er T,.OOTUMN STO.. jIMIR AA")

L .OCATIOn (C__a_ S-

S I " MANUPAUCTURI'S DESIGNATION Of DRILL

3. ORILLING AGENCY

O13. TOTAL NO. OF OVE. HlUfl@ . U RRERL E - I A . AWW OUR OmCli -- PLE T C

04. TOTAL NUUoER CORE ROXES5. IMAnEl c1 ORllEt.RJ

IS. EIEVATIOM GRIOURO WATER

4. OIRICTO OF ."01.9

o VCRlIAL OIHOLIRCO ________n. .RRm VERY.

6 7. CL.CVATION TOP OF HOLEl

1. THICKNE[S OF OVERGURO' TOTAL COMI 09COVEKY FON SOMIlG ROck 58 %

o. DEPTH OMI.LEO INTO ROCK ,. SIONATURA OfM INrE /

9. TOTAL . PT. OF ,OLE/ Z

'L-ATICO OF % rR.g. CREO OR ... ..
ELEVATION a 1L.1R10.1 CCRY I . ( . N. -,- -I RA10I-w- CRT 0. . + . •..l l i~e

31

End: 17.0
D.': 1 hr 40 min
.ec: 5.05
lemarks: =i-cked u Z

1?12.95: man naae .25' from run ,
'reAK. pulied off .4

this rn

C).

Box+0

15~O

_---

17 ~Run 5
Z: 17.2: incipient

cr:ck. Run: 6

Beein: 17.0
7nd: 22.0

16 zox1 hr 40 mino RCc: 9.0

, ~7 emn-'ks: Picked un-
from run 9,

Mullea off .'
thj5 r.un.

ENG FORMo 1836 *ttu OTOSAEOSLT.POET.L O

B41u
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Mo1e N. -

osVaSIou INSTALA TION ItLET

DM IL LIN G G -51 :ive r ..'1 A T A2 
o P ONIET.S

L ROECT WR. 211E AND TYP OF RUT

F~i~. Zc, .Dan o,.n. alu ve 11. DATUM 1004 ELaV.T-W WQ. gNNU AALj
LOCATUON (C ,. k J.S.V

i. MANUPACTUNER'S OEIGNATOR OP DILL

- oNILLaIG AGENCY

IL TOTAL NO. OP OVEiR.. I C IaWTURREo

A QLE . _ A dONNA ... SuRoDES SAMPLES TACNt

" IL TOTAL NUmRER CORE 'O!a
L NAuME OP OULE£A.

il. ELEV.TION GROUND ANTER

". DIECTION OF .E 1, DATER -OLES[

17. ELEVATION 
TOP OF MOLE

4. DEPTH DRILLED0 INTO MOcK W TOTAL coRe REcovana, .O0RRI0 Rock 98
_____I _____ . SIG OFE WP Ti[

N. TOTAL OE[PET OP VOL.,E_

ELEVATION IPN LEGE01 CLASSIPICATtON Of RETItLI COV SAPLE N!DIA I eg" Am "S 4

2L.75: mdn -aae

2 1 7-

tun: 7

.egin: 22.D
ndi: 27.0

D.2: 1 hr

2-5 _iec: ..

23.05: man made aemarks: licked uD
mf ' be . 4' from -n 6,

2:.&5: -4" steel. nuliea off.'

:Ajs
1 , 23.65: man made

21-Z' breaK.
CI:. 2 -.-" 11 steel.

25 P 
z

8 ;

3ox

26~C

C . 26.3: man made

~' 6, breaic.

27 n
z 27.15: man made
brea;c.

293

2AN 71,TTE

ENG FORM 13 3 6 ,PREVIOUS EDoRNo,, ARE ORNOLETE ,P"OJEC, R O,,L NO.

NAN TI

(I'MA ALUCENM7

B4 2



CIVSIN STALLATION Mel. ? 04

DRILLING LOG io7 Jivar -ocK & LAM OP SCE

I. O4WECT It. SaZg "a TYPE OF CIT

Rehab. of fl. DATU FOR C..ATO SHW -, N
2LOCATION (C.. .- J.

2. OILUN AGCCV I MAMUPACTUNRRs oCSIONATIOC of MRILL

4.WL 0 A TOTAL No.0OF OVER. 1I*JRN -0111-4116C
ANON O A. * 11 W. 6UR0E" SASPLtS TACEN .

*. CANE OF DMILLER IC TTAl. CNECCOO9.S

A* DIRECTION OM COLE~iO (RUM WPATRD CNIE

~ CEVICL CNCLCEC _________~ ~ IL DATE HOLE

7. THICKNESS Or OVERCUROEN J7 LVTO TPO OE

IL 09" OWLLCO NTO OM C. TOTAL. CORE RECOVPT FOR CORING Rock 98

9. TOTAL DEPTH or COLEIt . sc0 C

ELEVATION DEPTC LEGEND CLWIATION OF MATERIALS II CORE OR LR .41ENRC

~~0 ~ ~ ~ En . 0R.N ~ ~ *I

- C3:mar, maze 3e 7in: 27.0
breaK. .nd: 31.1

D. T: 1 r 5 min
Au xec: .

31- em ~ -a r s: 'icked up
froun 7. 7

--ox

21un: Z:3 2 3e -in: 31.1
End: .5.1

32.: mach, ne 13C. -ec: 3.6
breaK. Remar~s: --ulled off

33 .4' triis run. Z

6Z:

'-ox

012
67-

Run: 1035.5: 1I long x ei:3.
3/41 wide & deep en:5.

void. and:
3635.75: machine .T: 1 hr 10 min36Rec: 5.2 Zbreak.

35.9: 2" long x ~IRemaris: 7icked un
deen void. .4 from run 9.

Z :36.75: man made
break. :3 7. C-37.75: nan madeBo

38. .- ,

39.A ran made
break.

CAR ( rTRISLVCp7~ un

ENG 1836 P18 36 EDITIONS ARE OSSOI(TC. C.QL SIO.
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H <.I. N.. -
OIVlOG ,RSVAL*ATIOR SPLi .T

DILLING LOG .lpo "- o 10 swt's
1P*OJ9CT M. siZE AN TYM OF .

Rehao. of Lock Dan 2, 10on. tiver I. SAUN P ELLVAION sHO
W 

N(TN
E
N A,

LLOCATION (CAN. w-tfm
____________________________________ II NANV#ACTURN5N' OEI[SGNATION1 OF SLLl,

. DRILLING AGC4 Y

l3. TOTAL .0.0O OVEN. I - . ...*UNNa.
&. MOLE NO. (A,. -AN 0080,1 d "a OE SAN.LES AE I

Z NAME O ORILLER- I. TOTAL NUNNEN CORlEtN*O61

It. ELEVATION GROUND EATEN

. ATE[ .OL.

11 .ILVATION *TOP" OF tOLE

7. HICNXS O' OERGMOS I TOTAL CONE RE1COVERY 1OR1 OI. Rock 98

I. TOTAL. DE[P" Off HOL.E .']#..

1111,9VATIOI1 D _ I.,.IoemO C LA"106CIATIO l OFUATRIAS .ORE '0 ON REN M ARKS mm e

?At.%.0 IJ+

- B:_ ox Z
. 14 Run: 11

Begin: 39.9 -
.na: 44.95

41- _ 41.05: an nae.: 1 hr 50 min
Aee: 9.05

-- reaK. Rem-.rKs: -- -

42.2 : -an -:ae' -L jL.' b re K. Z

Z "-ox

15

Run
11

45
Aun: 12

_ 45.5: 1'" long x Bezin: 44.95 -

3/4" diameter . deez Ena: 49.9341deD.T: 1 hr 25 ran
• weatheres out con- DT r2 i

46cre~o. O CRec: 4.0 z
Remarks: Pulled off_

I •46.5: 1" long .95' this run.4j65 deep void. Driller overloaded1-
core barral caus- .

100% ing mechanical
Box breaks.

47 16

9 46.9: machine
break. a-

. 47.65: machine

61 break.
- ,/ C 4 .35: 72-cnine

2break.
9 .7 4E.95: macnine

(?:--) break. Run

12

I-

ENG FORM 8 36 PREVIoIJ Eo-I ANN oAoL.?,. ,o,(, .01. .

(TrANSLUCEfl

B44



5 0 . 1 : m a.n.n e.b r.a . 1 7 B g i n : 4 9 .

5.* 1 . Reare PickedE~o up LOK.95W itADTYEa I W tm

No.2.Monnehea Rve -0NO rom un12. Drile
L 5.C ~ AA 1. 35 mann rak Svrodd oebreSe.e5 Rann break. 11 gUATRMSOZINTO rO.
&~ ~ ~ ~ ~~23 macnine break. liz .tde 3-A

USE- E v;k3d 526 mafieirek
53.. TOcTAn break.9M IM _#u.G

COS-3 55OCLM 5 ma .in .bea. Run 14 5 17Dc8
17.9LVA~QTOPOFHOE 732. 54.

7. ~ ~ ~ ~ ~ ~ o End:WLS OFOEBUDNCocee g3
IL DPT"ONIL40INT *O. TOAL omeRECVER19 O IST . 6 2 R oc 5 m %

5R0c 4.9I

A 5.-0: mach1ine break.Bo Ru: 1

57.7End ma5ie.0ek

59.. 220r

Re4 5.0



DIXO.LL(O . 1'MVO i sore. L Io &Dam o(~0 Z co Roc"" 98

No.. 2.e.ue 0,onaht River r

L LOJ 4 I_ A

lee~ 6035 caPCU1'O ncret-roc

USAE-WECla shale,2 light gray.. Ski R

IL ROL modrael (ar. MOA A A -11.TTA oo V R un 15

L rac ors.% Bo. ROLE Ta . 5' a'2o-~e.,..D.........., MM1-6. ... Irc Eoca. DAE21 .,.e 5 .17Dc8
7. ~ ~ ~ ~ ~ 6. -MCNS hoorna £racrurOM' ELEAINTP0 119 _1.5

Con rec 60 15 'OO TO .1 CRun O C V . OR .. o k 9
IL00"D ID -INOSOI

IA7RI. INAUEbflNPCT0

9. ~ ~ ~ ~ ~ ~ ~ ~ Rn TOA t .a OEQ716ese cit

End 6.4 oceerc

to mderaelyhLossRu: 155

Horizontalhfrazoture. c Bgn:6.3

fracture. Box Rc ,5

53 .n Run

Overord -nueros hn-Run: 16
zonal ratursspaedBegin: 67.65

1-2' part.End: 69.4
6.D.T.: 1 hr 20 min

Rec: 3.750'
65.CLosn: 1.55'

68. ~ Horizontal fracture.

Horizntalfracure.Box

moveratrel haurd or-Ru: 1
ozontal fractures. sae ei: 6.

6- " a ar .E d: 6 .

-4-',-1j Rubblere

modratiLU f hahrd.ive

--- Ho iotlfa trs



ICS&hatL oA L Ock &E D 
2N Mon .c 

98ve

S. DRILLG NO ROh rc &U Oa 2 C!sCsO

USA WESa Falig Mok&Dm2 ot RvrS 'AU oel 4-A .Sid imeJ'

1.TOTA TAT O.CI OL OI
IL OLE •0 .AM ,PaEGN - A. TiA EMNt:"""" . .. NO B R WES M-1 ......... .. 0 ! 0

L MARC OF ORLLttER- It. TOTAL. RUNNERt COME[ eoIES

Dan Tavlor Is LLAVATIOA GROUND WSATER NA
A. 010CCTION OF MOLE S AENtS ITmIO I€~~~i

mvTIvCAU€ 01r-0,,. ,, OOR-. OM VOITo.. 6 Dec 85 !7 Dec 85

• I*.ELEVATION TOP Of MOL.E 732.5 '
7/. THICKNE[SS OF JUNEOREN Concrece t)0.35'

I IC TOTAL CORE RECOVERY won WRONG ock 98
S. DEPTH DRILLEDO INTO MOCK 19" ! i'. SIGNATREl Of INSPECTOR

Ob. TlrOTAL OePTN 0

r 

MOLe 'i

MONt| t.ONEN lo ON AI

Horizontal fracture 
27

Horizontal fracture Run: 20
Begin: 79.1
End: 83.7

I -,i D.T.: I hr 30 min

Horizontal fracture Rec: 5.1'
Gain: 0.1'

B2. 0 -- H Box

28
Horizontal fracture Z

93. Horizontal fracture

Run

Z3. Horizontal fracture 20

---- 4 -

85. Horizontal fracture
Box Run: 21

29 Begin: 83.7

End: 88.7
D.T.: I hr 40 min

Rec: 4.9'

B6. Horizontal fracture Loss: 0.1'

5; Horizontal fracture

8_ Horizontal fracture

Box

Run 30

Horizontal fracture 21

Horizontal fracture

Clay shale, red and gray

ENG FORM 1836 P6evIo.Ceo, NCoLesse iROet? K ,do ol Loc . ;Ol WEt M-.
- (TA.SILUCKJfl Dam 2. Mon. River R WES H-1

B47
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HoI. N..
OSIOQ 1Nt*LL.AIION SNfl 9

DRILLING LOG Ohio River Lock & Dam 12 oF 10 s.eeTs
1. POJECT 'O. SIZE .O TIPe a, NIT .*' '0fld

iLRehab. of Lock & Dam 2. Mon. River
LOCATION ( MSL
See Remarks ,z fA. TUNFNA OESIGNATION OF DRILL
.rONILL(NOAiENCT Failint. Model 13-6A, Skid Ri,
USAE YES 1.TOrTAL NO. OF OvEN. ,OlV-fO -N*t £0 O. (A. .- -l - l1116. Nd• UNOENe sAMPL[$ TAK1N' o a (

BR WES M-I

.N il OP O 'LLI 1. TOTAL N ue. CON1 ROI/S

Dan Taylor IL TLEvRONANONOEATIN

I OINECTION OF NOLE 1Ir DATe nLE ;

e vE,,.€.,.,c,.~.., _____AFAR Dec 85 7 Dec 85
t7 ELEVATION TOP OF NOLE 732.5'

I. TNICKNe0ss olP3ug Concrete oO.35' , TOTAL CORE I oCOVERY 0ORN Rock 98
0 91TN MOILLED INTO ROCK 36.15 9. SIGNATURE O

r 

INSPECTOR

9. TOTAL o9NOrO6 9_7. _'
CLAIPICATION O

r 

NATCNIALS I CORE (oE ON C.SA-NS
LEED O.1NcoT.-ISAM*PLE (D,.eu ,-. -- --

ERY 
n: I - .Z --

S sHorizontal Fractures

7 1 a==Box

--- I24 Run: 18
- - -Begin: 69.4

Clav shale, brown ando gray.Ed:,. D.T.: 2 hr 10 m-in
sott to oerately hard Rec: 5.0' -

72Z.-,. . Low angle fracture Loss: 0.0'

- - - Coomencs: Core froz

during wrapping
-.- I Low angle fracture

Clay shale, gray
73 . .. -

Box I

--.- '---- A Horizontal fractures Run
18

75.Q.-.-.

Horizontal fracture

76. Q Z Z

Horizontal fracture Run: 19
Begin: 74.5

Box End: 79.1
26 D.T.: I hr 30 min

Rec: 4.6'

Horizontal fracture Loss: 0.0

-.. Horizonital fracture Z

Run
79. Slipped over 19

Horizoncal fracture

8NG FORM 18 36 ... Do, TIoNs ANN OeSOLETE jPoaec7 Rehao ot Loce - nO.
R L Dam 2, Mon. River R WES M-1
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1.e. N.. -

DRILLNG LOG Ohio River Lock & Dam No. 2 10 0. T.

I. ROJ
C 

enant.ili a -ion oi .)oe a i do dimE0 SIZE v0 o
F

No. 2. .ononganela River
LOCATION C.,.. SL

See Remarks - I MANUFACTURER-$ OIICG.IO 
O
f
r 

CHILI
L DILLING aOCT F,iln, .+dei 43-6A, Skid R2R
USAE-WES a T ., O., Ole..C1 tH.L. .0e 1.. RUN CC S .. as -amValo
* OL=[ tO. (A*11 •m- c elwl1l,ii* *u A~llOte l Aceteg ta[ C TA iN

BR WES M-1
L *AM[ OF OFIIL-

Dan Taylor ire*vbO.. ceOUlo eATeN
&, DIRECTIO L .......
rc veattelaItI Clclm O o+ , 0. IL 1 6 Dec 85 17 Dec 85

I. e CVATIe TOPeO 0O-t ,2.51
T. THICKNESS OF OVPR9UVCMN Concrete c0.35 come PECovRT . wo,, Rock 98
*. 0"T" Oft.LLEO INTO ROCK 36. C itl. oN. e o7 5n Ty, Foc8CTON

S. TOTAL oCC" OF "OLE 97. 1' 4ershe } McGintv
S CL-ACLSICATIO.I 

oI MAItJRIA1=S • CO~l IIIO DA I CEWIACIS

*LASAItOS P . .oO Io mCCOy- SAMitI (0,09IW0e - - t..,
I (vNVoa . .. 0. - -n, , ,.._ ,• b co" io ON I

Horizontal fracture.

Run: 22
Begin: 88.7

End: 93.7

fracture. 
D.T.: 1 hr 50 min

Box Rec: 4. 35'
31 Loss: 0. 65'

2z. Q- __:

Horizontal fracture.

Run
- -- i o a2

Horizontal fracture. 2
Her izoncal fracture.

Run: 23
---- Begin: 93.7

- -- Horizontal fracture. End: C-l
D.T.: I hr min

Rec: 3.25'
Loss: 3.15'

-------- horizontal fracCIre. Box

32

_- ---- ,Ru

_____Run

1 E.O.B. 47.1 3

H.F.: Horizontal Frc-

L 198.@-+ t re

V I- I D.T.: Drill ". imei,--
_, Rec.: R.ecov~ery
" E.O.B.: End ot Bori+ng

ENG FORSW A86 ,n uo ,,,..

TC~flSLO~t~f3 ~e ai Kive

B49



Mole N..-
01,N0 STALUATION SMELT

DRILLING LOG *.io j.o. 'I o, 1 SKEET,

Rtehab. of lock Dam 2, .. ,n. ... ..... O O-

See 1, IMANUFA CTURER'$ OESIGNATION Of DRILL

.. RILLING *GIC ,.C; -R . vo t

S. iC a O _4. .T- ....... .. ......
an IL or- .i EL TO N GROUND WATER -

W U . 0 E C T I O N O F O L E -. 'I .Ti C C N L C N ,
-- 4 "'- 0. ener. - - C - -n Co E5

-. eICKNESS OF OVEN.U-OE. ELEV.ATIO T L. .0. .0..

C CE I04 .1.1 INTO ROCK -. - 2- SN U -- n.O R

9. TOTAL of""or O L
.  

',) 1 11,et II"I .1 0 IP,1 -T10-

,~~~- _ ne c l'hre :a-

ELEVATION DEPTH LIC9.01 CLA RA1I RTCC. OFst gA9.L IO.I com I no aA -CAl

3a:n o,-- o-.ael , d. (-N. -N W I*INARAAK

" -a.irzzce -ona t O:
a3:il.; weatnere-z w~itn.Rn 1,

a .sz s 4". _ no. . 1 Z

I. .: 25 r nn.
-- 5 -le c: 1.15

'onr:~ .ra': I~ emar:cs: -

toa -az, :2.x. z-z. .U";n 1 1
size -' ', -'.~r cox 1
rave-j .-orour:-e t .2a

_suzanlar. ooa con]', 1. e r 5
SOJl rca, e ntr3-r1e-ec: 2.0

-e, a u_ d off

Tay voicis - r.one Z~.ato a
-reater t.ian 7" dia- Drill ation wase esmooth throumnout

. !x deep nlesboring. of

no eciwtrwsrtie
-1 ; -anmade break -un 2 water was retalne

-

urn-g retrieval.
.7: manmade break

during retrieval.
1'1 lonp voi. ag: ag3re3zac e

may.: maximnum
.. .: drill time

-.3. Iec: recovery
3. : enj of

or2.ng.

L OCAkTIC:;:

I
__ ono._____ 0

LRGE CHAI:37R

-flow

_ L':IA/LL

2 -
-1A

ENG FORM 1836 .... o. ,l ,Dam 2. Mon. ve
fr"ASILUCAf River BR WES M-2
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DRILLING LOG 2:-i OFi S..t'J-9 T

ER. 'ItE AND -IN OP ST 1

A LOCATION (C.. " *

--- --- - 13 MAOUPACTUIRERS DESIGNATION OF MI- IL

L NME O 'O&LLEM I.- TOTAL 4-6 AR CONE *0.Es

D.an 'a-vcr I&5 ELEVATION OAOUNO WATER

5. IFICTIOM or .01 
&DAEL*E "

IV ELEVATION TOP OP NOLC . -
17. TNICRMES$S OF OVERWLINOEM . _________________________-77 It TOOT AL" CORE SECOVENT P0M ORINO Ic .I& DEPTH MInLLED INTO NOCX 1. S~ INATURE O0IS1 CO,
it.TOTALDEFT" OF HOLE 7:: ~ : ___________

ELEVATI.TIO OF N...... 1 CORE soxN R 7 NMES
ILLVAT 0 I4 LEIKIOI CL D___ATO OPMTRIL ECOv. 5S-IE ANNi.. NI- -L~L .L lu-i A

-~x.*~ *-~ ',A .i.. 1.2z .Ze :.s30 min.

A a n. -R - trKSZ 7.ulled ofZ
_2nceze: _isy run.

-ax. a'e. : O 1
size is 7", r;:Cer
tzriv e 1, 3dorc,,nu~ia ':0.1

-A2 suoangular, -oc.a con- h 0mnZ
sollr_-. e n tizj,, ea .ec, 2. 05

air, enzrainea air, Rte oarz~s. .7icked un
-rea~er tn n 0/0;a'O~ water retain-

man~o oraKed. Lrill actionlurin retri eval. Thin 2 Wds s'nootfl trou I

-, 15'out 3orirg.

agg: agreeare
'n aX: maximum~
:%.:. drii time
Rec: recovery

.C.:end of
0oring.

:CCA'1C:

Small Vrhamoer

flow

~1fO 2mono.

-B5



DRILLING LOG v.'r Ij,..i p1gg

Rehab. of' Lack & 1,un 2, :'.on. .dver OOt P0 tON 3IN em - U-
SLOCATIONt (C-e.e. - ot
"opee 

3  k*OUACTAEA OtgntOF DR ILL
31 L 01Icl Kca-i: er,_es r.-100, !13 volt

S. RARE o DRoE t.0 "O CORE OORS I

iDan Tavior I& S. LCtATIOW GROUND WAT9O 7/ia
IL OIEITIO. OF SOLE ~:naJ.or o.loLn

Or~..n. ~,t.nt ' ~ *, EEVAIO ~2Ocut 9 i25 Cct R 5
I- LEATIN O 01 LE ~

7. THICKOCSS OF OVINITUROEN 0l-t.rta.cnocoo 0 cgc12

G. 010TN DRILLED INTO MOCK *I.IOAUEO 11"Fac tO 77
S. TOTAL 09"Mh 00 "OLE -.. -- /

CLASSIPICATIO. OF m~OIt CORE'*K0 1="tao

£LXVATSDtj CEP,. LE SAONEt.t a -s

.ur-Tace -o~~n ia Run: 1
A_ eimaly weat:.ereu 3eg,-n: 0.0

-wx~ ..t.- sc±~,.g nd: 3.25
5rcm 7 2 5.' z 73. D. T.: 2 hrs 5 mnin.
,ax;.u= exuosea a~ze- Rec: 2.995
aze s.ze _s ~.Remar,<s: Pulled off'

.. Drill ac:,cn
- --5 ~ was s'tooth. 1 C.I

;oncre ao: av.R, su '-4 vater was re-
cu3 wi.. sime car- tau-ea.

- ana7.;es, ::axiu=a
g.s - re~aze Size .a 3- Z1 :
-. ver 'Tave, _. :u 0. . a r il t ine

Rec: recovery
zo,)a~ &.a~ .0. eria of
el;rae'l ei~r, d.~- oor-:g

2.z raineu a IrI-- an y
vo.as enera_.y less CGCA0:C:
Than .ll diameter N a
de=--.

3..3 .25' daiwl
monc. z~20 .~

Snall T7hanber Z
-lo

?JiverwaJ1

ENG FORM 1836 [ O.IIO.16 ARE OGOLT 1-0JECT "r100j. or LaCK a, o.E0

(?ftA~JtLVC&NJ Da o.Rie E -
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DRILLING LOG '.10.'.' Dim 2

3ehab. of 1,ock 3,. Dam 2 2,.on. ttvftr OI. Was.FO ELVIIR MORTU

A, LOCTIO :CSL

See ipmarK3 .3. A..SPACTU.9MRS O(SiG.ET'O. OP DRILL

IS._ .__S1 TOTAL 10.0OF OVER- .........RVIRSR

4. ROLE R0o fl. A .FlAli RROE S*..LEs -NMR

SL MREL 0 DRILLER I& TOTAL MRRE CORE ff0515

:)n 3a-.lor_ 11. 91EVAYVON RON No&so..

L. DIRECTION OF "OLE -n:~. AECL

CTERMTOCAA (:24"CLIN.0 -0 Id.. DATE "I C.Z "c 3 Cct 85

17. ELEV*TIO* TOP OF COLE -' - 1

7.TICNISo v96mIM'. TOTAL. come RECOVCR? POR sORSRO 1 CC%
S0,MEPTIS DRILLED INTO ROC. .SOAUEOPgIP~~~

t. TOTAL DEPT" OF HOLE in :. nce7- 1 y

ELEVTIO OEPR LGE. CLASIICATIRO SAYERIALS ScoRe s0x OR RAK

Surface Coraition: -u
s2.igat2.y weatnerea 0.ega ..

with scal,.rig as fal- -.-a 3 ;.3
laws: ].:: 1 hr 15 'nin.

1.0 tnecium: 7 4. - .- -..e c:
lzht: 7 9. 6 -2.1. cmemar.s: rulled of-

1.=w o~wfsmream~ f:.- Ji1 cio

or_=.Z: -er':._:Z. wa. smaoath. 1 30a.
zra~ck wi.6 si.'V Lc; -, gn: azer was re-

-'' senaraczn=. ZQX I -a:.ieu.

2.c-

_oncret:e: E-ray, s~li- . C:drill time
ceous witn some car- AL-C: rac. very
-ona-.es, 7ximun ag- .'.-.enu o

greeate size is3' oozing Z
ri r zvel, sub-

a- -' rounaea to subangular,

entranrea air, en-
trainea air, -any
Voids cenerally less -...-

th=~ 3/8" diameter &
deeni.

Large 2X"amoer
.0..,3.3' -2 -

p-22.'!-
"iono.
2 4 :IDXZ..LL ZIZ

ENG FORM IS836 PRVOU OITIO"S ARE ORSOLETE OC Rehatb. ot Lock -OI..

.A 1(sucm)D J 2. Ho.River t W0ES M5

B53



-75 --1-. *MSYAL*TION LoCK a. Dam 140. ~DRILLING LOG IOhio River tnghl a. lO sweI. s
P0CRehabilitation LOCK J am ,'.O. to . SIZE N YVo r. SIT 1)"~ X 7 3/4"

Monlongahela River lop "*oUw I". -LVvC gzj - -rD

25.5' in from land face. 1 .. or s teps 12. WAUVAC?5eCRe509SIGN
M T

IO Of MILL
5. 8NSLLING ..... T Failing Skid Rig

21AE I(S
.3. TOTAL . OP Ot~l[. I.t~l ........

IF .A __ - .. ".IBR WdES M-6-86 GM9 .C

Congregte 03; sii .ou LVAt.G TO. O rFs OE 7220'
G. ~om cacareu" naturNT "C 1j Val CM EO ROMN so~ uk9

a 26use.3 salemu 2. RRT.. FISEC 2.2'

Z oncrete: Run: I
-Z Looks good. sounds good. 10 Begin: 2.3'

A- entrained air. mntaximm B End: 4. 3 si

3.:- . Aggregate -siiceous wit D. Press: 220
soecalcareous, natural R.PM:- 1,00

and crushed, maximum siz B. Rec: 2.3'
2 12" 2 Loss:

Conc r et e: Run: 3
Looks good, sounds good. Begin: 4.6'

A entrabned air, entrapped End: 462
air, maximum size 1/4'. D.T. : O4 minLo:-

3.-Aggregate - siliceous with 10Do . Press: 220

A somnecalcareous, natural 3 RPM: 100
and rused.maximum sz o e:23

si2 1/2". Retos: 1.8

6.

Concrete:

A Loks good, sounds good,
5.0-Z .entrained air. entrappedBei:46

air, maximum size 1/4".En:62

7~ A Aggregate - siliceous DT:47mn os
sit me cacareous, ot 10 Bo 0.Pes 20
natcuralhad, crxushdmRn
mxmsize 2 1/211. Begi: .2'

6. a-:: 
60

CRet:e5.05'

Looksgood.souLosgo:

enrie arAnrapdZ
ai.mxiu iz 1"

A.Ageae iieu

1000 Box D-T.: __ __h__15__min

8.c0 4 Da N . Pr ss 200- R IdS M- -

B 4



Kole N..BR ',4ES 4-6-86
oiNooo*STAL.LA "ON Lock &Dam No. 2 SN''T 2

DRILLING LOG Ohio River , V ' Of In SN49TS
I.bER hnTLI .10-S *00 " T"' OF U

Mionongahela River II au e NV .0 -~uj

2r.%AT' 0in' Cot stps . MANUPACTUORN5 DESIGNATION OF DILL

LORILI0 WESC Failing Skid Rig
USAE WES IsM TOTAL N0. Of OVER. ;OUSO - ,oofl..

C. 001. t 0. fA. - sun iOu.. UOSAMPLES. TA KENI
ANI M.PININI0BR WES M-6-86

14. TOTAL NUMSER COKE SO0KS10
0gO rP~IL(. IL ELEVATION GR0OUND WATER

6. ~ ~ ~ ~ ~ S DIRETIO 09KOE LENL9

I". ELEVATION TOP O001 ",

--- U. TOTAL COUCRE COVERV P00010G Rock 97
8. ~ ~ ~ ~ ~ f VET 'h.11.1 ...... 00C .'. .. V .OGATR.$ISPC

aLVTOJn.-.L... CLAS.SIFICATION Of WATIILS C OME ISO.ON REMRKS

ELEVTI~ EST LEG00 ECOV. SAMPLE (0.UIsw -- - &N. * .

Concrete: Run:5
- Looks ZOOd. Sounds good. Begin: 11.25'

encrainea air, entrapped End: 16.3'
2.air. Maximum size 1/4". D.T.: 0 hr 35 minmA Aggregate - siliceous usith D. Press: 200

some calcateous. natural R.PM: 100
and crushed. maximum Box Rec: 5.05'

A size 2 1/12'. 6 Loss: -
100 Comments:

S To get in box.

Box
-~ 7

16.o7

Run: 6

A ocee Begin: 16.3' ZConcete:End: 21.4'
ILooks good, sounds good. D.T.: 1 hr 0 min

e7 - ntrioined air, entrapped 0. Press: 200
17. A ir. Xtaximum size 1/4". RIPM: 100

Aggregate - siliceous and Rec: 4.9'
calcareous, natrual and Lose: 02.' in hole 7

A crshd aximum siz Comments:
- To et i boxSome large iimestnne

18.0: Togtibx aggregate in coreAtoo sample.

Box
-! 8

19.4-

ENG FORM 18 36 0jf' .
it 0.0 &1 0_____m__So____Mon_ n



"S.IR N. -'ES M-1,-5b

DRILIN a LO Ohi River AivS r or 0 .ATEN

I.PN SCA. Reablitation L i.6 AMs sti. 4. 29. Jane 60 TIM Feb 8.86X734
MonngaelaRivr i. DL~ATM OR K TIO HO WN 7"32.5SA

L. LTNCN5O eceuewoc e ",5. ;Ool' ,*vl, o ~og~P sM~S e oL9

255 in~ fomLE an d tO c . Or"3 shae . SINAUATUN INSC TIO NFDRL

UECAE WESPL IS.~c 70- .0. a, ovp,

B WE _ _ _ __6

Dan z\ an al ar o Ids LVTONGON WTR

,T"L"Concr e te: BI : 21.4 c 9
eSra.e air. ONaximum BxO MOCK: 06 hr 50 a mm.;7,C~e
e12. entrTne air.H OF 0.L Prss 200rMrrl

9LVA,[ A_ Aggregate -LI1CT~ scOuF V Iano SP' cg10 N1 ..

2(. AN 0O conslidaion

A

Vuggonycco at 6 2 .'

A 12 Run: 7B

27 Concrete: Bed: 31.'
Looks good, sounds good, Ed". 02 hr512 m

entrapped air, maximum Bo .. 10 h0 mi
S ize 1/2". etandar .Pes 0

A Aggregate - siliceous a Rec* 50
28 it some calcareous Lotralse: -.0

an re.maximum size Los:.

A 3.

23a oo Bsliain

-Z 10

BBox



DRILLING LOG OIi Rof ."C 10 Smeet'5

mononitanela River &' lick3'~L L IOATIN ~ ~ Midd~e 0,zL 'onoiic 4SL
25.5' in fro; land race. St) PS. o S IN AC.UCCTU5C50SGAO5VC

a DMILL.014 .CV Failing Skid Rig
USAE WES Is. TOTAL. NO. or OVEN. -I01IC UC*UM4119

A. OLE 1o . a.. . u".OeC 1*F ARC*

SR WES M-6-86 **TtL U..coe515 3
I. CntOr DRILLER 1 OA UHCICM 0913

Dan tavlor is. CLEVAT4011 GROUND IIIATC

6. O9IECtION OFPCOLIE - .v..Te Ioss

193-1-c- OC.LO.CO W_____ D~*, . C ATE HOLE .2 Jan 86 11 Feb 86
I- ELEVATION TOP OF HOLE 7 S'

7. THICKNESS OF A.S CDC I'stC. TOTAL CORE RECOVERY FCC OCON Roeck 97 S

a. SaeP7m DWILUIEC I.?O WOCK :b3 hale S. IGKA141.( OF I$-CTOM

9. TOTAL DEPTH POLE 01.9 qt-ott -urrell

912CL* TMASAIPIC TeOF ........... I CORE s05o EAE
MCCOV. SPL! (01116dIMA, Ne PNsM

CC9. CL-n II

Box
12

31.0A

A20 I Concrete: Rn
Looks good, sounds good. Bo Rugn: 312
eA ntrained air, entrapped Bo3 Begnd: 3.2

air, maximum size 1/2". 13 .En: 36hr003 m

Aggregate - siliceous with D.TPress:r200mi

30-some calcareous, natural D. 10ss00

7 L andecrushed, maximum ReM: 1'0

s~z 3. OQLoss:

Box
14

3 6.4

ARun: 10

37.Q. Concrete: -Begin: 36. 3'

A Looks good, sounds good, End: 41.5'
KB entrained air, entrapped D.T.: 1 hr 05 minm

air, maximum size 1/2". D rsa 0

A Aggregate - siliceous RPM: 100

with some calcareous, Ret: 4.9'

38.0: natrual and crushed. Loss: 0.3 in hole

-4 axiMtUM size 3 1/2". 100 1s Comments:
-4'A Construction joint at

40.8', pieces separated
when removed from coreZ

A9 barrel.

"0. 0

ENGFOM 83 PevO'tSCO~t~s4C OCOCT Lck & Dam No. 2,~oo- RWES M-6-8
(1WAJI9'C11T gAne River

B57



D.ORILLING O G OhoRveOoozaeaRte F10%E

Rehbiitaio Lac &_____ Ja NO Zat 1. size 0"W OL 9 Jn ' 6 X1 7e 86

25.5 infro lan fae, PS IR. WAMPVAT S DIIOP TO Of DRILL2.5
&.ThCaeeua.& AOUKC Conirete SkidRi

U. AE~ WSES 13T. TOTAL N6.3 shal9

AR,

1. AAT ROLE

I.TF- s F&MAWA Concrete: b-1.: 1 hr. l 47- sinO 325

TOTAL COrMnEai.eftsp RECVE,1. 600 lak9

ad TOusnAd maximu Comets ELEcunteredrrel

sC e3" onstruction joint at

ToBgetn:n4box.

Concrete: Ed 64

Looks good. sounds good, . : Ihr4 mi

etrained aitr, enr pedD 
r es : 1 2 0

air, maximum size 1/2". Begi: 46.4
7,Aggregate - siliceous Box Ed: 5.14'

A n calcareous, natural n16 . 2h 0m
acrus d, maximum iomm Pents: 200utee

8.z 3.comntut: n joint stl

430 prese n. d f oe

100 Bo

18Z

44,.

A ---4BT e nbx
50.0- ______________

ENGF~a 136 SC AOU Const'ructi5onL~ Toin T5 hBo z
Loc siado.e.loo-~ gWS?46~

(TMASLU17T galls ie

B58



Hole N.. BR .,FES 11-6-86
OI ........ ALL. "'ON Lock & Dam No.2

DRILLING LOG Ohio River or O SHEET$. '-,- =1... 't-L :l

I. Pk .TIC? RehaDilicaciofl L)CK 0 .,m o. 10 zz -NO 7OT~ OF T W' V* 7 ?/4"

T Monongahela River ruwu FOR &L&VATINO 50O0N (TZ # &-ltN C N *' ~idiC e dJA 1OnolOi. MSL

25.5- in arom lana ate, "u.L '. o snteps -2 VAUUF.CTUQC*'% DESIGNATIONOF IL
a. DRILL.ING AGiCCY Failine Skid Rig1
USAE WES 3. TOTAL No. of oven. ;.-SUt i lmw-to

A. 00. I Id A. - ,FN DUROIN S5IALiS TANl I
Of. NOO BR WES M-6-86

L N -I OF 0MI.LLER I TOTAL UMl1eI COOK s0010 33
Dan Taylor I& ULrVATIQO GROUNO OATIN

6. PUR[CTIOO. P 0ot HOL to-- !cc 'c

01..,e. --. €,Wcmo - .. o .. " '9 Jan 86 hI Feb 86

7. THICsKESSOo I k . I.. .La Concrete a ' 17. ELEVATION TOO OF OLe 7-1 5,
It TOTA

L 
COls ASCOVEIV FR SrNUN0 Rock 97

II. OKIT MILLED INTO ROCK shall It. SIGNATURE[ Of IIPICTON

*. TOTA. Oel" O9. i 9.' % OLE iurrti;e
£LV 30fO€i CL PC.30.O ... ... S... S .. ..CO t 001 .0* s........--

I0 % OE 0.0. 1 l w Ot. 0

Box
18

- A Concrete: Run: 13

Began: 51.4'
Looss goo d. sounds good. End: 56.5'

52.4-- entrained air, entrapped D.T.: I hr 10 min
-~A ir, maximum sz /"II ase 12". Box D. Press: 200 -

19 RPM: 100
Rec: 5.1'
Loss: ---

53. Comments: Joint still Z

100 present. .

54. M To get in box.

4A 1/8" rebar in strip at
54.2.

55.0-- ' Joint on strip at 54.95'. Box _

56.0: Al

57. 0 Concrete: Run: 14

Looks good, sounds good, Begin: 56.5'

A' entrapped air, entrained Box End: 61.6' -
- air. maximum size 1/2". 21 D.T.: I hr 33 min

Aggregate - siliceous D. PresB: 200A and calcareous, natural RPM: 100
and crushed. maximum Rec: 4.6'

-4 size 2-1/2'. Loss: 0.5 in hole

Ato Comments: Joint
still present.

59A

ENG FORM I 836 .. yOUo, no.S. oeso LCe,. Rerabliitation ot -1. 0.
U*RLIt ock 6 Dim so. 2, wionon- BR WES M-6-1

B59ganea Kver
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OIBSOMINSTALLATION I~ .. U -01E 00r

DRILLING LOG I hi Rie-ononeahela River o 0 15

I9.*ROjac? Renaoiiitatiofl Locir a Oam No. 2, 1e. SIZE -Do TII O 01" '( 7 1

Mononvaflela River It. DATU FD L.ITO -W -

LO~tOMC.~M~'~'Mid48 e W41 iMonolitt MSL
25.5' in from land face. I0 U.S. or Istens 12. M**C?UMC5SOIOCATOO OPsLL

GR.LLING GENCY FailinR Skid Rig
USAE WES 11. ToY-L N4.*oE. -URE A*44(JR

* C .0. IA. - NNfWNNN .'--I @UMOEM $AIAPLES TAKEN f

- ff -BR WJES t-6-86 IC TOTAL NUN41E5 CORE VIOX 9 33
L. N-9 Of ORnLLEA
Dan Tavlor - C. ELEVATION GOUiND .- YEN

6. 4"ECTiOc OF NCLET . OIPaTTI

CEVIICA9. (MENLINE@ CC0C. FOI 'CU. . DAT ROL '9 Jan 86 It Feb 86

7. nicmes of*IFEVNKIU Cncrte 5.4 .. ELE[VATIO. TOP 00 MOlE 712.5'

4'.. TOALCOCORE 0 R O IGNING Rock 9
L. 09"N ORILLEO INTO COCK 1* It. S.1XZJ4U5OCII OF INSPCTOR

s. TOTAL, oa*T. OF oL% Q1.7, i "'r -rel I

EEAIN9P CRI LGtICATIOMO AVEAT LS %CR 5094 GoR 00MR
ELVSINDWY .... CCOv. SNILE (D,41." *- P. .M

~}Joint fades out in this

1.e- Run: 15
Begin: 61.6'

En: 6.0-
-A2 D.T: 3 hr 10 min

Concrete: D 0

Looks good. sounds good. Box RPM: 1 00
2.0' A entrained air. entrapped 22 Rec: 4.6'

air. maximum size 1/2'. Loss: 0.3' in hole

Comments: Water turnea
a gray-blue milky colorw

,BAggregate - siliceous indicating shale was Z
63.0 and calcareous. natural 98 reached. 0.3' of gray7

S and crushed, maximum shale was pulled up
s ize 2/2.with concrete. Closed

contact.

SBox
23

_4--

66.Run: 16

IMB' 654'-6.7-Begin: 66.0'
- .i~ 6.4'677'End: 71.0'

D.T.: 2 hr 10 min
'D. Press: 200

67. - -Box RPM: 100

-- Shale. gray. moderately 24 Re. .
--- hard, slightly silty, Loss: 0.6' in hole

0.2' ground up
96

Commsents: Z

- - Healed fracture. Top 0.2' fragmented
68.0-1-=- AB Healed fracture, and washed away when

drilling started.

- B

L 70.0 M

ENG FORM 18 36 .. EOITIONS ACE 0510.ETE 11NO3ECT eaV Laxnu I. o
'~Lock & Dam No. 2, Mon on- 'BR WES M-6-8rrmA5sLUC#.R ganela River
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-H.isM. Rp WES M-(,-(t,
OtVION INSTALLATION Lock & Dam No. 2 19

DRILLING LOG Ohio River pnne, Ri I Es.

.eJECT Rehabilitation Lock & Dam .O. -. ,o. siz Aco TYP OF *IT V -

Mononeahela River 0*. UM FOR ELEVATION SUOWN (TIM

LLOCATIO .ar....s,, Idel al .,aOI:. . MSL
25.5' in from land face I U, S. or steps t *AeU cTeso[se nnoioe ,uc
r OIILI.ING AaENcY

OIUS AESO Failing' Skid Ri

'A. eo-AN .o. oE TAo t
A.P BR WES M-6-86 -

.MAE OFr OILLEN --IETOTAL Me.0. R co cOXEs 3
Dan Taylor IS. EtVATION GROUNO WATER --

E VOIOCTIOO OF HOOlE E1

flVA "us t.CO .t, ~InR I Feh6

,. lCclss o# 6 UiM Concrete bY.4 ** 1LEVAYIS" TOP OF CoE - , s
i. TOTAL CONE RECOVERY FOR 0-.1G

& efeItH uLED INTO aOCe 2.3 ' shal is. SlAume:n OF ImNPeCTOR

9. TOTAL DEPTH OF eOL 91 7' Scott Murrell

ELEVATION OEPT. ILE .. CLAIFICATION 01 "ATERALS COV*E SAMPLE ( -EMA .. AH

~ -E---25

Natural break. Run: 17

M' Natural breaK. Begin: 70.4'
End: 74.4'

Shale, gray, noderateiy DRt.: 23r.04' ,
hard, slightly silty. Ret: 3.4

198 Loss: 0.5', in hole
0.' fragmented

72.QTJ_-- and lost from _

BrStoiw, sandy siliceous top of core

inclusion, sample by drill-::

ing action.

Healed Fracture.

Begin: 7..1'

End: 79.2'
D.T.: I hr 47 min

75. Shale gray, moderately Rec: .8'

-q .... hard, slightly silty.
-- Loss 0.2' in hole

- MB

76. - Healed vertical fractures

99

MB

79. - MS

L 00 -
_____7______

ENG FORM , . ......... ..... P.OjtCT Rehabilitaton ot "I-E No.

HAPPs 6- wo - -,-



OIV(SI(A "=tTA.AtIOs LUCK A w.UK ,,. - SlaTt V

DRILLING LOG Ohio River "inonganeLa Rivet a 10 :1.:-T:

I. PROECT KehoJ.ki.aion LUcK , m a . . - I* siz ANO Tvi op *t "t v i ,

Mononzahel5 a River 1. o RM MS
f-c,,of.,--- - 's'G . L L "onolu 11 c ML

25.5' in from 7and tace. -... ot steps 12. UOF IL
L o .) .e .cl failing Skid Rig

USAE WES -3. tOtAL o O-I o, 750 U50 E-R.-
N." NNNINIF - "- -'- " . ... BR WES M-6-86 To.... ..... ..... 33'

L -a.a O" Osoe.a*a_

Dan Taylor I. rrALo. ca. -oa. --- 3
ILoIecw OFtAr~ NoLKs -t.- !

755t0,*A ca .- cs- as. ,es , v st. '0o Jan 86 11 Feb 86

11. ELIEVAYSO! tO- 01 -*L! '32.5'
T. T.ICK.E2S Of 64A Concrete o5.4 .

z TO, AL cote "tcovRT w* Ro!,No RocK 97
6. Ol" MILLEO INt MOCK 26.3' sha]4.. So1rt ureiLT*
9. TO AL OEIEF O No0 9coCt Murrell

Sc..a I.o. t ...... I
01o [ CLAIIlCACION OF* MAr.I (O. dl -D-. I FI

b C

29

-- Shale, gray. moderately Run: 19

hard, slightly silty. Begin: 79.2'
SL . End: 84.5'

Rec: 5.0'
D.T. : 2 hr

' -- - iLo.... 0.3, left in

Open vertical fractures. 98

30

84.Q-,

:rarelyRun* 
20

85 Shale gray. oerately Reun: 84.5

8 -5-. ,-- hard, slightly silty. Be n: 84.5'
End; 87.0'

_ Healed vertical fracture. Rec.: 2.5'
D.T.: 50 min2 =I:- 31 Loss: 0.2' eft in

-- I hole Z

Run: 21
Shale gray. moaderateiv Begin: 87.0'
hard, slightly silty. End: 91.7'

Rec: 4.7'

3? D.T. 2hr 40 mi

89, - - Healed fraciures. 10

ENG FORM 18 36 AeQ s,!u .on,o,. o1
° c

Renao itaccOn ot . -o
It 'Lock Dam No. 2, Honon--T.,Uvtca.N) gahela kiver

Bb2

....... ' i J = i nft- -n , ,



Nelee. R WES M'-6-e86

DRILLING LOG ("ITALL&TION L.C 6 UAM NO.Z

joonS- Shae ry oeay3

Z ~ ~ ad slightly silty. ~ i R

USAE~~ ~ ~ .0.3."c 13 91.7'.O OE! I NTN . - 1.44

Re. -AT ROLEer
jp~~~~w."e.'E..B 0--6 En Def - B anR 1 hA-

9. ~ ~ ~ ~ ~ ~ Md TOA DEToderately7'q-r urel

Go-aLCE1 'Iah~la SAMver BR.#& 'AS MfEG FON13 p~vOus £y0 C ASIIAINO MAc~ T ERAL Cop, Reha0 1 i t Oon oc 0sC



OI*UN ITLLTINLOCK 6 Jam NO. 4- Is96

DRILLING LOG Ohio River J,.0ov a Rive Of EEI

I. PO.Act Rehaoxiltaiof Ct IOCK 6 &jdM 00 4. ,IZ.GTONT A ~n~
Mononlgahela River i. AU O L~~O HW T L

rL3ATViow ( Unoer guard , MSL
monolith R-5. in l"ne- WMEU ~ in .. ..... * *H CTUnEPNS DESIGNATION OF DRILL
K6 OPILLING0 .4ENcy J Krr-Ir- Series K-100. 110 voZlLs

L,E liES III TOTAL .. OPOVIR- IRUN .. flINN

OR WiES R-1-86 NDRSPL TE9

K MARE Of 00R*LLLS '4 TOTAL -UN0E0 CORE SO-ES

Dan. Tav lor is. ELE'AVION GOUnDL .. a"E

A. DIRCTION or "OLE91'..

C3VRTEA CIRCL*@ _ RR 09.~ - eNI. I&*T O9 !12 Feb 86 13 Feb 86,

K. DEPH DRIULEIO R concrete 1.7' to. TOTAL coRe RECOVERY 'Om 80-4N 100 L

N. TOTAL DEPTH OF HOLE . 7' ___,__________________OF______________

ELEVATION DEPTH LEGEN CLASSIICATION OF iiATERIALS ~ O(RNO EAE

NORECOV. SA-ISPE e(
0
.0.w -FA *e NN

CNT . . ~ .

Concrete good, natural and Bo

crushed siliceous aggregate 10 1

A Has entrapped and entrained

HN, FOM183 .,os c-rm meosoae Kehabiltationoo~ L OL N01.

.. 0 71ockah am No. 2. MoInon- OR WEtS R-I-E

(?RANSLUCZNTI gahmia River

B64



-4PIOJCN1. SSZC AND TYPE 0F **T .'. r '~12 ;.1 T

2- LOCATION CCo.. P, amt

USA:1-wsI TOTAL NO. 00 OVRN. I NNimc .. 0NE

L MARNCT OF OMI LE I& TOA MU.9 NAVE NOLE

9004TI. OLFAIO TOI O .. TOap

7.~~~ ';IC;1' OPOENUOE g~ RECOVERY fall s@RIRO. S
8. CPr CRiLLEC INTO MOCK it. SIGNATURC OF IRNpecTCR/,~

9. TOTAL OEPT" o OGLE -77.i
ELEVATION DEPTH tag"~O CLAWIPIC*TIO* OF NATERIALA %cm CORE ON "ClRa

IOM* RCOV. SAWPLV (Ovi.0w. --- PRIP

J .ur'ace_ ;onu~ition: .O(.1- Run: 1
- erately weatzlereQ Beejn: 0.3

Wil mneQa.UMscaiig nd: 1.15
max. agg. s.ze i..s 2. 100% D. T: 1 hir.

1. C evere scaii-nz is at nec: 11
joints. .1emarKS: ~l~ zi

E 3.1 ]
; oncre-ce: Eray, s li- :

7eous waitn some .a- ~ x en 1.1
maecax. agg* 107 and: 3.1

-' size is 7", r;,ver D.T: 1h 5~
gzvel, suoroun1eo tee: 2.0

stianrulr, goc cn-vemarks: Pi.cked un
soL;.aa- iou e..zraDoeu .05' from, run 1.
m'-. an, enoras -e'io D rill actio- was

voios nonesmooth througiiout
3-geater :zian " iia- Run 2 boring. I G04 of Z

meTer 6. deep unless water was retained.

4 E5: 1' steel. g-

3/41' lone.

mnono. 14 no. 15

Small Z'ambar

M FORm 18 36 ... s OTINOACOGOE C"T ~enab. ot LOCK & 'IL~ .
"An 7 rILCN)17. .'..B E R-3
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DRILLIINGLOG C.a~i'2o
1. PANILCT sac ,.zg TOype OF 9,T - . n zV1OLO.t

iehao. of Lock 6. Dami 2. :-on. xiver 11. OATUbi FOR 9LLIVAWWQSOW TR-ma

XLOCATIO.i - ,. :3L

__________________0.____(A,_____ is_ . TOTAL .0.or Cv... .fl4fSSS

mA. aM OF O"ILLCA 14. TOTAL WU49ft COOK boasS

Dan Tavlor 15. CL1IVATION GROUSO SAIRM

&1 DSNECTION OF HOLE oiolaS ESL C I C@-5,-

0--- fll(A -a* -, '55"on is. o.4.~ 1" Cc": 65 Oct . 5

7. VVSCE..EAS OF OVCUfUSOE .T E ?. (VAT*0S TOP OP OL9 71.

S. SEP15 WRILLED I"?TO 0oc RCK (S0 TOT AL come accovRRY P05 5O5m'. 100

9. TOTAL 0EP15 of SoLg 7 /, "oce z~-.-. /_7

SEPVTI 5 CLASSIFICATION OF NAERIAIS 7 ASLo.C5I~ -- s.AS

iurface Conition: baai: Run: I
5 < weatneread itn severe Begin: 0.0

scaling - max. agg. 1 End: 11

1.0= 022 .0 - 3.1 Rec: 1.15
Concrete: F-ray, sili-- 0";~ 1 I emar~s: -

f ceoLs 4 itfl some car-
t~ onates' max. azg. 1 -ufl

size is 3(1 ver Biewin: 1.15
gravel, 3uarounaed to -na: 3.1

2 ubanzular, gooa con- 10, .T.7 1 hr 45 min.
soliaaion, entrapvea of- .9

mary evoras'e r water was retained.Z
9ayvis-nn Drill action was
meter t* deen ia- smooth througnout

3 e:ter a de, w.~5 borinz. 7
.1: 3/4" long l un 2 ~ R'I: :

deep oid.agg: a5-.Tegate
J .2; incipient 'ax max u
cracks - through n X': dmilxime
some~ ag5. Rec: drcovter

.35: :nanmadp br~ak E.0.: renofr
during retrieval. .3:edo

QP .5: manmade break boring.
during rezrievai. LOCATIC:;:

.O..B. 4 3.1'

.1vr Imono.
miono. 17 18

Small
Chamber flnow -

IDDIZ-.WALL

IENG PORK1836 evocDTOSASSSv. ~ l5TRhb.aLok OLS.
MAR71 Ra . hjon. Rive RLock&-

Mon.Rivr5I;LWE R-
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N.oeNo.,oR W'ES R-5-86
M~ISTAS'I L.ick & .)am N.O. .. I 1

DRILLING LOG Ohio River Mononeaheia Kive. O i0 ....

L PROJECT Rehabilitation ut LocE o Dam 1. size o TM OF 5 ( V ,
No. 2. Monongahela River 11. DATUM on 91.1 IEIeI stiOM ; IOVN

A. LOCATION CAM. .W .JI.iMF River 'ail ,onoli.h MSL

R-23, 6.7' U.S. of R-24 Jo1"r and 5.8.. 1z. M.NUPACTuSEWS o"O.*O OfC ONI

LORILLIi.NGas.cy lanaward tram river rara Failing Skid iL
USAE-WES I& TOTAL NO.o OVER. I -1 ...U 0i*R

4. MOLE NO. (," . -• M OWAAM 1 BUNDER N A.LES TARAml ,"e~m BR W ES R-5- 86
L NAME OF ONILLA 11 TOTAL RUR fo OE sa s

Dan Taylor - IS ELEVATION GROUNO ATER

6. DIRECTION OF MOLE 94L DATE MOLE
(grve,. f'h,,cI..uco oUR. F,,o, ,,,. 1 1e 8 Dec 85 i 24 Jan 86

17. ELeVATION TOP O MOI.E 730. 5'
7. TICKNeS OP OVeE RIUROE 67.5' concrete O TOTAL Coe RECOVERY FOR OMNG ock 99

. 0EP9T ORLLED INTO MOCK 23.2' shale is. SIGNATUre Or ISPECTOR

. TOTALOT OFMOLE Q0. 7 Scott Murrell
CLA SIVCATION Of MATERIALS a% come @OR on I ReNARKS

RECOV. SAMPLE (0woIw -MA POR. wA.

-A -

Concrete:
Looks good. Entrained air.

A entrapped air.

S.0 maximum size 1/2".

Aggregate - natural and
crushed. siliceo,,s andcal~careous. maximum Size

Z.0 M

6.0A o -

A

--0-

! -

Concrete :A Looks good. Entrained air, _-
entrapped air.

A Aggregate - natural and"
socrushed siliceous and cal-

reous5 maximum size 2 1/4".

A,

.0.

ENG FORM 1836 ,.,s ~ss AR,,e osso,.sT. osc RehabiiCalon otTO 'R-
OAf Lack D, No. 2. onon-neSa

8T.0crshUC-lie eahela River

_-AI|-

,N OM1 6 -v-- 0101 0 010.1."' ' eaiiaino



HsloNo, BR WES R-5-,6

onVjIs~I I8TALI.AyO LOCK Dam .o. - 4 19T
DRILLING LOG Ohio River Monon 1.ala Ri4ve o 10 s.eeTS

L. OJECT Re habilitacion ot LOCK & Dam 1. sae -o r OF O ' " "
NO. 2. Ng nigaheia River j.UM Fg CLeVATION 54O.5rTuaOL

LOCATION0U(C . .. JJ River Wall MonoliLci MSL
R-23, 6.7' U.S. of R-24 Joint and 5.8' "i. -awfUPajCTUle"soesaGwATjioOF Ogt.i.

oRILLG.e AGENC n inwar tam river race Failin Skid Ri:
SA -WFS -- Fei_________________n . Roa Skid Rpc.. - .tegO 0f1

I Is. TOTA. NO. OF O -*
A.oeO o.m m,* BR WES R-5-86 SUCIN

M TOTAL NUCI Come &**IS

36 "AMe OF DILLSa.
Dan Taylor EL*VATIOm GROUNOD wATIO

a. DIRecTSCOP OL te '. hATe MsolE a TamtvO ! co*teveO

kvanm.& ,aea.ja9 aa .a. . O 18 Dec 85 :24 Jan 86
I. ELEVATION TOP OF aOLe 730.5'

7. TNICR SSo OFVE U iOEl 67 5' concrete ,i. TOTAL CONE mEcove.V on sOsaia Rock 997
4. O EPTN ON LLem NTO OCK 23 .2 ' sha l e 19 II NA ru nt: o r I spec To m

*. TOTAL 0eM. OF NL 00- 7' Scott Murrell

EINVATION 05oe LGeMoe OF UE, IS MCCOV. SAMPLI .(E l ., -- - ,, "

* EN? '~Say .0. aa a.. .y

A

Concrete:

Looks good, sounds good.
LA entrained air, entrapped

air, maximum size L/4".

Aggregate - natural and
crusned. maximum size

2-1/4., siliceous and

A

A
3. -

A

16.

16. MB Concrete: Run: I

- Looks good, sounds good. Begin: 16.1'
A Entrained air, entrapped End: 21.3'

air, maximum size 1/4". D.T.: I hr 21 min
D. Press: 220

17. A Aggregate natural and RPM: = 100
crushed, maximum size Rec: 5.0'
2-1/2". siliceous. Loss: 0.2' in hole

100 6

Is-

A
19. -:

?0.0 - ________________ -_
ENG FORM 18 36 ... VoGSa eCTION$ ANIL 01ISOsehe. Reatsaono 0.Lock Dam No. 2. Monon- 5-

Br6S&.ueZM" gahela River
B68



I OIISIO NSTLL*TON LCK 1.1. .. R WES R-5-86

DIIL~iIG LOG Ohio River Mononganelh itive' I
Ka'oai Rhaliitation oL Loc7'F' 6o Dam - e AND TT.e op NIT n" 3/1.

No. 2. Monongahela River 11, DATUM FOR ELEVATION SON R .Gj

LOCATION (C . - - iv *~ r Wall MIonoii hMSL
R-23. 6.7' U.S. of R-24 Joint and 5.8' 1. NA"UVACTURENS OSIGNATIGONOf ORLI

L DRtILLING AGENCY landward 1rom rfv-ea %Z_ Failine Skid ai
USAE-WES 12. TOTAL NO. OF ay..V VU*N *SU*N

4. KOLE NO. (A& APAP Am WAAA H, .1SSALSTA
an *.WWH BR WES R-5-86 UON5P(TANI

L. NAWI of DRILLER .. TOTAL u.119 C0.9 eo0es 3

Dan Tavlor JIs ELEVATION GOU40w WATER

L. OICI9CTIOCt OF KOLE

7. THICKNESS5of VIEKCumogN 67.5' concrete 19 TOTAL COME ECOVICT
0
Won OING Rock 99

6. DEPTH ORILLED INTO COCK 23.2' ' Inl a~so.u ,IPCO
9. TOTALOE9PT" or OLE QO.7' Sot urell

ELEVATION DEPTH LECOK CUIIDCA.O .EIA cme so on C..S*9NC

A

F21 A7

~ '~Run: 2

22,4 begin: 21.3'
End: 26.2'

A: D.T.: 2 hr 00 min
_Z ~Rec: 5.0'

Loss: 0.2' in hole

!.BS Rebar, 3/4" at 22.8'. D. Press: 220

23A Concrete: 10RPM: 100D

Looks good, sounds good.
Entrained air, entrapped

A air. maximum size 1/2".

ZAggregate - siliceous,.

241 A natural and crushed,8A maximum size 1-1/2".8

AZ
25.4

MB 2" Conduit pipe.

260- MB

Run: 3A Concrete: Begin: 26.2'
27. aea Looks good, sounds good. End: 31.0'

~. Entrained air, entrapped D.1.: 2 hr 00 min

ir,' max imum size 1/2". 10 . Press: 220
100ae iicos RPM: 2rL00

naggrate an scousmx.e:50

28._ imum size 2-1/4". 9 Loss:--

RBRebar, I" diameter, at Z
MS27.0'. 27.2'. and 27.5'-

A 28.0'.
29.0-Z

NA Ke'4haDlil tlon or i;.Lc .0.
PA sLock &Dam No. 2Mon n- E E --

(rpAICSLUCEfl gahela RiverRES -5
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H.I. N..<A ES R-5-66

OIIMSOK ALLATI~O- LO)CI .. 3 6-U-.L, -- 1.19; .
PRILL114G LOG Ohio River Monoinganela River1019S

1. 07-0JeC Rehabilitation or LocK 61 Dam 10.s~e~i~~ SitAITPVO In) X 7 3/4"

-23. , U..o -24 Jo~nt and 5;9* Q. MANUFACYU09WS OWORKMTION Of ORIL.

IIA-WS-3. TOTAL .0C 05CR "Ir-CC *W-uRg

A. NOLE 0. 1~ti -,MN BR WES R-5- ouce A si-LIS ,..eIIIq

L. "aT Of DLE CTTLNMII COME, SOCD 32 OL

E36e 00e .. SC'-OC OCR. 'M . s, OIL OATe "OLo I; i Dc 8 5 1'2 4 Jan 8 6

07. CLEVAVSOM TORO OfROLE 730. 5
7.TIKESo ORS1IONOEM 67-S e onereTC -1 . TOTAL. COMRECVR POr *OR 505,6 Rock 99 %

*. 0E"O DRILLED INTO ROCK 2.2' shale Fi. SIGNATURE OF INSPECTOR

9. TOTAL 09"M OF ROLE an 71 Scott Murreil
ILEATO DPY LEER ~ P ATEIALS % COME so. OR ZOA0R.2

ILIVrO1MF"L610 - W n RONOFcCV. SAMPLE, =Z.hb, - AP. d.

10

Look g O, sondsgood.
Entrinedairent rapped
air.maxmum ize1/2".

Run: 4A2 Atreae an siliceous, Begin: 31.0'
ntrladcrushed, 11 End: 36.2'

maxium ize2".D.T.: 2 hr 42 min
D. Press: 220

100RPM: Z10O
Rec: 5.1'

33.a7 Loss: 0.1' in hole

KB

A-

34 A

A 12

KB

A Concrete:
Z Looks good, sounds good. Run: 5 7

Entrained air. entrapped air. Begin: 36.2' 7
37,4 maximum size 1/4". Ed.T: 04hr57 m

A Aggregate - siliceous, D. Press: 240
natural and crushed, maximum 13 PNM .1too
size 2". Rec.- 5.1'

A Loss:

A9A

ENGFOM 8 6 .. v,, DITON AC GSLITSR'OSICT Renalitation oc jrOL O

MA FRM 86VeIOIDC SCEE Lock & Dam No. 2, M1onon- WSR-B
rrRANSLVCEaf gahela River CR"' " -5

870

L. L.-. MA



H.I.N..jR W4ES R-5-86

Ilvl5l 1 T LAL k.tlO LoCK 5 .Au fU. . SKELT 5
DRILLING LOG Ohio River Mononganela aiver of 10 11mat"

I. PeISo.GT Thaoijca;ciOn GL LoC4 . .Jd so. size Aso T,-v Or oIT I," X 7 3/4"

No. 2. Mononganela River am. DAUMIa MI ELEVIOK pS -W W

L LOCATION ,eA..-gjN ,F -, K _ger a Ljj o I. MSL

R-23. 6.7' U.S. of R-24 Joint and 5.8 IL rsAKU,*CTU49N'SO0SIGN4VOIO Of OALL
&OI'tLLOAGOeCY &.anI-,

.
u LaL=LI -L'r =-_ Failing Skid R..

USAE-WES 13. TOTAL NO. OF OV.- O ' i
AN "* - "* BR WES R-5-86 *UftOCW APLES TA56W,-a I. -~ml

5. Na orDoC-LIVt1V. TOTAL MUN09M CONC soms 32LNAIS OF OMILLE.M4TTLN~eI ~l OS

Dan Taylor 
$. CLLVATO. GROUNO IATEI

4.DIICTONOFmla-: 5 ca 86vlb-N- .c oo, oaTs mol 5 0DIc D55 24 Jan 86

17. LZVEATI*OI TOO OF "OLE 730.5'

7. THICuNESS OF OVnmtu.Onc 67.5' concrete * TOT'. COKE SeOVeWY P05 0.50 Rock 99 s

aI.PTN oDP oL
O 

INTO ROCA 23 .2I shale so. sIoNATtUR OF NSsIeCToso

9. TOTAL OPMrF or .OL. 90.7' Scott Murre -I

.G...o C .LA.W.P.CATIO O s. A...s SOE or O... s.. .f .
eCOV SAPLE I,.U[O N , -- u... T .
ENT No. sA A.. AhA

14

-Z

KB

Concrete:

-- Looks good, sounds good. Run: 6

Entrained air. entrapped Begin: 41.2'
2.0- air. maximum size 3/8". End: 46.2'

Aggregate- siliceous. 15 M: 2M h 400 --

natural and crushed. max- D. Press: 240

'mum size -i/4.". Rec: 5.0'

-A 100 Loss: 0.1'
3.:- Comments: Barrel came

up without core.
Fished for it without -

uccess. Tried again --

21 Jan and recovered
core. Z

61

5. Q--

6.0--

ZS, Concrete:

Looks good, sounds good. Run: 7

Entrained air, entrapped Begin: 46.2'

A air, maximum size 1/4". 100 End: 47.5'
D.T.: I hr 08 min
D. Press: 240

RPM: 7100
Rec: 1.3'
Loss: -

8. Comments: Scriations
on core caused by

A /retrieval.

+9.-A

ENG FORM 1836 ,s vos' o ,o*' sac oSSOLEYC PKocRenablitat io o t ".5.¢o.
.A, I Lack & Lam No. 2. Monon- BR WES R-5-"

(TrAPILuceTrS ganela River
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OVlthQW I
'
,,S?*L&AtI LJC& a jdt ,.O, - $MELT

DRILLING LOG Ohio River Mononganeia Kxv'r o, iO t
1. PeOJeCT oi nao ..t ion ., , a m 1, SIZE A.O ty- 01 SIT 6" X 7 11/"

No. 2. Mononganela River 11. DATUI IOe LkV.T.O S*.OSWl iU 33

L 8QCAITIO (C .l7 ,u 114a.r Wali Monolith* MSL
R-23. 6.7' U.S. or R-24 Joint and 5;8' 1. -- FACTURte'S OtS GATd OP DRLL

&ONILLNG *Og.C, Y *OA ' Failing Skid Rir
USAE-WES IL TOTAL .O. OF OV - *'So vma a

. a.SO2E 1O. AN SR WES 1-5-fl lmn *etsVn

L RlR OF Oo.LAE it TOTAL munlef coei somas 32

Dan Taylor 1%. ELEVATION GOUO IATER

TRV-cA OceR. -OD 85 -24 Jan 86
IV EL.eTION TO uc OF .i[ 730.5'

. TK'CKNesR OP ovR|URol" 6a7. 5' concrete
q TOTAL CORE ReCOTVER FOR soni Rock 99

IL OlPW Q4LL~e ITO ROCR 23. 2' shale t. S.OGA10. t 01 I.SpCTO.

S. TOTAL OP OP EOLt QO.7' Scott Murrell
ELVATIO N CLAoStPlCETO OiF ATR ESAL4 % CO E o O NnI R:eS oSt ,.Wa a-

Concrete: Run: 8

Looks good, sounds good. Begin! 47.5'
Entrained air. entrapped End: :2.3'

air. maximum size 1/2*. 100 D.T.: I hr 11 min

• Aggregate - siliceous, 18 D. Press: 240
51.a natural and crusned, maximum RPM: Z- 100

1_ 1 ''MB size 2-1/2". Rec: 4.8'
Loss: -

-A

52.0-

'3B Run: 9 -
Concrete: Begin: 52.3' -

Looks good, sounds good. End: 57.1'
Entrained air, entrapped d: 57.1

53.4L- air, maxiJmum size 1/2". 19 D. Press: 240

Aggregate - siliceous and Rpm: ,100-

calcareous. natural and 90 Rec: 4.5'
crushed, maximum size 2- 1/4' Loss: 0.4 ground up

Coinents: Break at
55' had missing section5 4 A approximately 0.4' due54. 47 to section being broken Z

-- up. This section
was removed from core _

A /barrel as aggregate and
loose pieces of con-

55.M B crete. This is best jZ
estimate of length of

MB section. Measuring
tape ioweieo tu bottom -

of hole read 57.1'.
_ 20• -

56.A

"A
57. " MSB Run: 10

Concrete: Begin: 57.1'

Looks good, sounds good. End: 62.3'

Entrained air, entrapped D.T.: I hr 45 min

air, maximum size 1/4". D. Press: 240

58. A Aggregate - siliceous and PZ. 100

calcareous. natural and Rec: S.,'

crushed, maximum size 2-1/4' 21 Loss: 0.1' in hole

Ai

G Ok A t *Ro~ enabiicacton or "o
'

s .
Sac, 136 '.EV'OUt EDITIO R t Lock & Dam No. 2, Monon-SRiverS R-5-
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".. l.N*R WES R-5-d6

DRILLING LOG Ohio River mononganeia (%:L° 0 1ets

'.DS@.DtCT Rehaoi icacton OC Lock L)am ,i s .. o ve oai r P" '( 7 3/4
No. 2. Mononganela River rum Fan ELEVATION SOWN rE

ALO o c ,._ River-aall Monoli h MSL
R-23. 6.7' U.S. of R-24 Joint and 5.8' a K.A.NucTRuAn'S OIESNA1b0M OF DRIL
ZiORiLL714 .C .andwaro trom river race Failine Skid Rik

USAE-;Et5 Lt 0O Ol.~ t~C - s

No mt. - ; 4I B ES R-5-86 ua *,tStss

" as oF OFl.t.. D . TOTAL NuMeIe COME "Mgts 32

Dan Taylor fs. ELEVATION G^OUNO -tYr
I

IR lECTIl O 01.0,4 . FIS wt !& DAT MOLK *! ': cI ..

Z3IttO ,¢ .t ,. ... T.ADc 85 24 Jan 86
otoes TO.tm.. 006L0..5.0. iCkiVAaOS r"0e OF co0te1 /'30-.5

7. TMICKN6E5 OFVSNINOOCIN 67V 1 concrete I TOT &L cORE -cOvl-v ws VORING Rock 99

0. otflM OILLAEo MIO RocK 23.2 ' shale is.Om.Tueg oF osoecrO.
,. totu oept o oO t O,. Scoot Murtell,. _.a*j .... it . ....~TUN Or'.....T9. IT I CASE" tO OF dOL4AL C~ 900 UU SM1E

CLE.A10. OtClVL *ttoj CRt111 (?O FWACI" .COo SANPLE I (Oae." I. - sINN .#

.i - 2 pieces L"* xebar at

-60.4'. 1"eart

_I-

62--

- ;- -- -; Run : U --
Concrete: Begin: 62.3' Z

Looks good. sounds good. End: 66.5'

entrained air. entrapped D.T.: 3 hr 00 min

air. maximum size 1/2". D. Press: 240 -
63.04 RPM: 00

Rec: 4.2'
-.- LB Aggregate - siliceous an< Loss: O.1' in hole

calcareous. natural and Comments:
crushed, max mum size

2-3/4".
646

A66-

67 un: 12

Begin: 66.5'
End: 71.6'

XB Concrete rock Interface. D.T.: 2 hr 55 min
D. Press: 240

RPN: 100

68. MB 98 Rec: 5.1'
Loss: --

MB Comments: Reachod

I Gray shale. moderately concrete - rock open
.. MB hard. slightly sandy. Interface. Rock is

with calcareous in- 24 gray shale, sandy.
69.OZ1 clusions. Layer of gravel between

concrete and rock.

Layer of burlap on bot-
tom of concrete. Z

.B Gravel is siliceous

L 70.0-.-. with a waxy coating.

ENG FO RM 18 36 .. e v,Ow s Io o -o oesos.l. I*o tc R hao i..ta rL on o r O
..a 7. Locks Dam No. 2. Monon- R wES R-5-t

(TmamSLUCanl gahela River

B73



WVSIM tflLLA O CcK 0 -M. .. -N..L .3
DRILLING LOG Ohio River Mononeanela River o0 eeTs

IUo4a1C1 Rehabljitation or LoC. 4 Dam Is $7Z7 rOtmOC' "' Y H.

No. 2, Mononeaneja River " V" " " -

.uOCATIOW (C -~04 Rivof wail Monol XSL
r- 7' S. of R-2,1 Joint and 8 . .e1cuIe& ns oe* slr'T, Oe IL

. S. O, V landward i 'om river ,ace Failing Lkid FI A f
ITOAF-S Z F.. - - (o Ou o0".. 1 o* d

• 1 144" to. A l I m I1 1 BR WES R"-5'-86 ~ ON API fil

L N"ItS OF ORIL,,LCM[ - - .. TOTAL NUMiOCA COMES IOIES 32

0..... l CATE. , %,aS .. ?C LSE 'IO. TOIF 01 -01.. 730.5'
7. TN-CRW[ss o~r Ova[qnuOEN - _'-n'ee :ll7 Lcn E~In O ~ l RC

inclusVons. silie .F . -. s lih'ly sale v0 .oSerate

hard. 98 26 Run: 13
._ _: Begin: 71.6'. 72.1'

-4-- End: 76.7'
7 3.O O l. T.: 2 h r 1 8 m

Coements: Some fra-
74 oents lost at breaks.

intarou oatches

75 . : down center ot core.

hard. 8 ' Run: 14
Begin: 76.7'

Gray shale. slighty End: 80.8'

7sandy, 3.dertely hard. D.T.: 1 hr 55 min
sllceous. with calcarenou D. Press: 240
inclusions. RPM: Z10O

MBRet: 4.8'

Loss: 0.1'
78.- --- 0 2 Comments: Calcareous

seam stIll present.

NGFORM 1836 envosbonosoe.,.vrjCRo4(CT Rehabili at io o[ .,oLC -o.
Sv, ooedowLock & Dam o. . >onon- R W.S R-5-

T 7faUCshle. gasell River8
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"eleo...,R '.ES R-5-ob

OIVISIORI ,NNT&AL*7,VO, . J'I.'. * -, SMeeT

DRILLING LOG Ohio River Mononaneia Riv-t oe 1 0 INEeTS

I. PROJaCi" mehao.ication IL L.JK , " a I. $*Ze ANo yY CV NI ' .( J(4
No. 2 . Monongahela River Hi. aATUN Cg"EL.VATIO N rJU. ,

LCATION 4c... ' I0ivE- ,w.L 18' 4R-23. 6.7' U.S. or R-24 Joint and 5.8' , NUA CTURNER- 5"s TIOs*N 0",
DRILLING AGENCY - Failin Ski Rt

,
..

USAE-WES S. TOTAL .0. OF OVEN. . *NY*RRo UTVREo
. ROLE . . - - .,, .1..* BR WES R-5-86 euNoEN s.. LEA TANER0!

L MARK OF DRILL S 16. TOTAL "Uea come P 3
Dan Taylor 16. ELeVATIoN GROUND -- T9e

N. ATNO Is1 Dec 85 i24 Jan 86

f. ELEVA"ION ToOP O L e 730.5'
1. TNiCEofIN OOVER

s u
mOeN 67.5' concrete j TOTAL coRe RECOVERY won SORIN Rock 99

N. 0E9"" DRILLEO INTO NOCK 23.2' shale l i. SIGNATUNEOF INsPeCTOR

TOYTAL OEPTN OF OLE 90.7' c Vt urrell

ELEVATION OE9TN LIGENMD CLRECDV-IIO OFNI. WAIM^" fN~ -An. AR.
.... I -RY! NO -- N-L N.. * A.

Run: 15

MB Begin: 80.8'

1.0-- - Gray shale, siliceous 29 End: 85.5'

with calcareous IncIu- D.T.: 2 hr 23 min

sions, moderately hard, 0. Press: 240

- .. slighly sandy. RPM: =100
Rec: 3.7'

--- s Loss: 1.0'
a2.O-= . 100 Comments: Seam still

present.

30 z

- . M

84.Z --

MZ B

8 5. - Run:, 16
Begin: 85.5'
End: 89.6

-AE-- Healed fracture. D.T.: 2 hr 10 min
D. Press: 2-.0

RPM: = tO0

86 4- 31 Rec: 4.7'
Loss: 0.4'
Comments: Seam still

Gray shale, moderately, present.

hard, slightly sandy.

MB siliceous with calcareou 187.G-- -MB inclusions.

--- MB

88 . -:---

32-

n 0G.x00
ENG FORM 1836 M on

"* ' aneJa"ve BR WES R-5-8
MAN(TRAh5LUCEMII ganela River

B75



.J.NH.*.R *dES R-5-86
00N0TSTALL*TON LOCK 6 Cam "o. ... T u0

DRILLING LOG Ohio River Monongahela Rive"r o1 10 S.ECTS
1. PROJECT Reabilitation Ot LOCK ..Dam .. sit ANO O i ., - I//"

'No. 2. Mononganela River i1. DATUM FOR ELVATTON SNO -V NME

L OC T IO WC ,J "-"' Rrver ,.all M n oli h 'ISL
R-23. 6.7' U.S. of R-24 Joint and 5.8' 13. IANUFACTUemSOUsR ArOCoFOe,.

. .mo 5 ¢cr .&anwaro trom river race
USAE-WES

A.~0 HOLE. mf0..t IA.,0 -N-NA sj UDR APLSTA9
I . - " ' BR WES R-5-86 ..................

L eHSIC OF Dl L .0. TOTAL MUNGER COME SO LS

Dan Taylor IS. ELEVATION GROUND WATER

6. DIETON Q Of.. HOLE 1. OATS HOLE . . .... 0'

9 -i+ ai . 0 - -0.- .. ..v. .o. i n-,1A; OL - -A)

'. -_ TNICKNESS OF OVINOU01OCM 7* S' .-i-r . TOTA. COME 09COV[NT PON *OING &OCK 9
a. OPTT oRLLEO ItO NOCE J sDhale 19. SIGNATURE OF INSPECTOR

9. TOTAL OEPT OF OLL on I, Scott Murrell
SLEVATI04 OIpYW kl~O CL/ FICATION Of MATERIALS 5COr O C....

( * .a o SALE (Om04 I.0

Gray snalt, siliceous t00 Run: 17
- ith calcreous inclusionS. Begin: 89.6

moderately hard. slightly End: 90.7
AB sandy E.O.B. @ 90.7'. D.1.: =45 min

D. Press: 240
RPM: X-10O
Rec: 1.5'

Loss: -
Comments: Clu:ch broke
on drill rig. Aban- -

doned hole at 90.7'

-. depot.

Abbreviations:
D.T.: Drill Time
D. Press: Drill

Pressure

Rec: Recovery
E.O.B.: End of Boring

M.B.: Mechanical Break
N.B.: Natural Break

U.S.: Upstream

ENG FORM 18 36 ,, TO S 9 See ossae,, 01(01 Kehaoilitatoon 01 -OL 00.
uAM 71 Lock & Dam No. 2. Monon- BR WES R-5-F

(retAxiLuct n gahela River

B76

.... ... L. -a ,, d ,, m m l m -- m - - --- . + +



....... N. -T

OKILLING LOG CiKT 1 P1tUE?
4. PROJECT 

III. size "aD "m~ or aR-
aehao. ,)f lockc Dim , ..or.. .,ve

A.LOCATION (C.. £I1

;=1 ,9'( i. MNA.CTURER-% 09ISAMTIOII OF oAI..
K.RLLN M GRC e- -1 -

T).OVAL NO.CO OVER .ISRE
C ROLE -10. (A... - -- N, I., RIJROZ SAWPLES TAKEN -

AMA DRLERS TOTAL. UR( SCOR NuOaSE

:)an 2avior- MI ELEVATION GROUNDO WATER

a. DIRECTION of NQLE .;ee ,iazarKs Im. DATE WOLE . -. 1R0 1D IZRwI.REO

C364 YRIA. IC-sNR SEN. 1R.- VERY <',c .35 .t,

?. TICK"112 r 0,asu"e" P. ELEVATION TOP OF ROLE 7 4

Is, TOTAL CORE RECOVERY FO ONO "
L. DEPT.. DRILLED INTO MOCK It SINT" 1:3

R. TOTAL DEt"N OF HOLE...,c:e INUR9

CLASNIFIATION 0F UAEIL ScoReROORRNAR
ELEATIII IRT LEENDI RCOV- SAMPLE (D..Ime A~- -~W.

en .. 0 VA=

.Surface 2'onaii:lon: roa- .un: I
*eratel .- eatnerec wit - megin: 0.0

medium -:o severe scal- End: 3.3
ina. !ax;.r.,= exroseci D.T.: 1 hr 55 min.4 : aggregate size i's 2'1. Rec: 1.251

.-emns: Pulled of
-. 3.25 .051 Drill ac-ion

Concre-e- cray, s.-aS=00oot. 1ZC
* Ceous wi~t., so-e car- 1zz of water was5 re-
*zonate3, =:ax2.mum ag- -,)x I taine..5 rezate size is

2. rvr ravel, 3UD- .:RA ::1C:. S
rounaea -o suoanzuiar, D.-: drill ume

- c ood consolidation. :'tec: recovery
-- enzrazzec air and en- E..:end of born

:rainea aI r, many
3.vois eenerally less l.CZATIM~

than "iareter &
~--~ deen. Aun1

I roeoicrla to

the surface.

ENG FO01A 18 36 PREVIOCOII 111 ARE ORSOLETE. VRD1JECT Reha~b. ot LOCK 6 E .. O

AATI )am 2, lion. River 'BZ WES R-6
frRA'SLUCEJN"

B77



Mole N*..MR ,ES
O 0.I0,O *MilTALL*(IO G1.

DRILLINGtOG Ohio River Locks & Dam No. 2. Mon River o C [ gTs
1. PQl4CT RehaDilitatol ot Locks and Darm lo 5111CAOT A OND," C-- .ahia wail

No. 2. Monottahela River II. OTU V(
L bOCATION (C-F' -P- J~L1111' L 1o/e" ar

" 
Wk MSL

r .. T4n r'9q tt I 0 ......- *. 1 1* AUPATURR*5 DESIGNATION Of RI.,
1.* DII |NGl AG[NC T*
USAE WE C SCr-Tt. Series K-tOO. 110 volts

3. O-L .. OFP OVERt. O5JC SlCC
4. NOLE NO. (A, AIONO, OO - *URON SANPLSS TAKEN I

.4 BR WES RO7-86 O "

Dan Tailor IL EEVATIOr GROUN0 WATEN

.OIRECTION OF MOLE ED. I ROOL.lETl[

MvIOGvICL OOILNIC on&. til. , O[N 15 Feb 86 : 15 Feb 86
• 17. EL[ VATlONe TOP OF NOt.Z 5 ft

1. T"ICKECSS Of OVERGUROCK 0.0 ft ,rp Of
TOTAL CORE RECOVEN FOR WONG 100

S. OECPK DOlLL.[ I"PC NTo concrete 3.0 ft S*OATURE OP INSPECTOR

0. TOTAL DEPTrI"OPLC 3.0 ft _________________
LEVATIONJ 0P"CLASICATION OF VATER.ALS G CORe PRON CI-911I[LEI[ EII DEP LICOO RDCOv- SAL E. (O,*#. =n . rC T N O . c .. . , 1 .. l . .0

b 4 - . I

Surface intact

Concrete good, natural
and crusned siliceous

A aggregaE axiu
size -1/2 in.

= 112 in. rebar Box

A Has entraoped and en- 100

trained air
-B

_ -
3.0 .

ENG FORM 18 36 pmvou mCesAE UCLI.PRIC NlO t Loc .0.~ CM ARS s 11 orAV L C&[ Dam 2. on. River R WES R-7-B e
(TRAESLUCER~~7

B 78



APPENDIX C: PETROGRAPHIC REPORT, CONCRETE



Corps of Engineers, USAE
Waterways Experiment Concrete Report Structures Laboratory

Station P. 0. Box 631
I _Vicksburg, Mississippi

Project Examination of Concrete, L/D #2 Date 15 March 1988
Mononeahela River

Samples

1. Twenty-one cores were taken from the concrete at Locks and Dam

No. 2 on the Monongahela River. One core was drilled into the backfill

area beyond the concrete esplanade.

2. Nine of the cores were taken from horizontal holes. The remain-

ing twelve cores were taken from vertical holes. Five of the vertical

cores were drilled through concrete and into foundation rock. The cores

are identified in Table 2 (with Cores Received Section).

Test procedures

3. All of the material from the twenty-one cores was examined in thel

field and again in the laboratory. The quality and condition of both the

concrete and the foundation rock were noted. Representative samples of

both material types were selected for more detailed examination and test-

ing. Pieces of concrete that contained visible evidence of poorer-quality

or significant reaction products were specifically chosen. The concrete

samples examined in detail are identified below:

Concrete

Orientation Depth Technology Division

Field Id. in Wall of Sample Serial No.

L-I vertical 0.0- 3.15-ft Pitts-13 CON-i

L-6 horizontal 1.2- 1.40-ft Pitts-13 CON-12

L-7A vertical 39.5-43.1-ft Pitts-13 CON-29

M-1 vertical 32.6-35.75-ft Pitts-13 CON-51

M-2 horizontal 0.0- 1.0-ft Pitts-13 CON-60

M-5 horizontal 0.0- 3.3-ft Pitts-13 CON-63

R-I vertical 0.0- 1.65-ft Pitts-13 CON-110

R-4 horizontal 0.0- 3.1-ft Pitts-13 CON-112

R-5 vertical 31.0-33.2-ft Pitts-13 CON-97

4. Samples for physical testa of the concrete were taken from both

sound and poorer quality material. This was done to obtain the information

on the "best case" and "worst case" material in order to ascertain just how

bad the "bad" concrete was.
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5. Samples from six of the cores were cut, ground smooth, and photo-

graphed. They were examined both visually and with the aid of a

stereomicroscope.

6. The exterior surface of cores Pitts-13 CON-I, CON-60 and CON-112

were photographed.

7. A sawed slab from the top portion of sample Pitts-13 CON-112 was

etched in dilute hydrochloric (HC) acid to expose reaction rims present on

some of the coarse aggregate. The etched surface was then examined both

visually and with a stereomicroscope.

8. Cement paste concentrates were prepared from all six core samples.

These were examined as tight-packed powder samples by X-ray diffraction (XRD).

9. Fine-grained white material was noted at the border of a piece of

porous limestone coarse aggregate in sample Pitts-13 CON-112. The aggregate

was located in a preexisting fracture surface. A small portion of the powder

was collected and examined by XRD; the aggregate and surrounding paste were

photographed.

10. Representative pieces of each coarse aggregate type were selected

and examined by XRD.

11. Thin sections from four cores (Pitts-13 CON-i, CON-29, CON-60, and

CON-1I2) were prepared and examined using a polarizing microscope. The thin

sections were chosen from areas of the cores that represented typical con-

crete. Sections from cores Pitts-13 CON-60 and CON-112 contained coarse

aggregate with rims.

12. All X-ray diffraction patterns were made using an X-ray diffracto-

meter with nickel-filtered copper radiation.

Results

13. The concrete placed at the lower elevations in the three lock walls

was easily distinguished from the concrete placed at the upper elevations.

Aggregate used in the concrete at lower elevations was natural river sand and

gravel with well rounded edges. Photograph Cl represents concrete placed at

the lower elevations in all three walls. The natural river gravel was com-

posed of coarse and fine-grained sandstone, siltstone, igneous and gneissic

rock particles and some carbonate rock. Some of these particles were frac-

tured, and several had either reaction or weathering rims. A few particles

has siderite cores with a rim of geothite. The fine aggregate consisted of a
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mixed composition. The mineral composition of eight typical coarse aggregates

is shown in Table Cl.

14. The concce'e paste in the lower elevations of all three walls was a

dark grayish color, except in areas where carbonation had occurred. The con-

crete is air-entrained and contains some entrapped air voids (voids >1 m in

diameter). No cracks were noted in the paste.

15. A general description of the concrete from the upper level each

wall follows:

Land Wall Cores

16. The concrete placed at the upper elevations in the land wall

(Pitts-13 CON-i, CON-5, CON-10, CON-12, and CON-29) was made using crushed

limestone coarse aggregate and a natural, mixed composition fine aggregate.

The coarse aggregate was a dense, dark colored material, consisting of calcite

and trace amounts of clay (Table CI). No reaction rims were noted in this

aggregate (Photograph C2).

17. The concrete paste in the upper elevations of the land wall was a

dark grayish color, except for areas where carbonation had occurred (Photo-

graph C2). It was air-entrained and contained some entrapped air. No cracks

were noted. Photograph C3 shows the surface concrete condition at boring L-1

(Pitts-13 CON-i). The surface concrete of the other borings in the land wall

was similar.

Middle and River Wall Cores

18. The concrete at the upper elevations of the middle and river walls

was made using natural river gravel as coarse aggregate and a natural, mixed

composition fine aggregate. The predominant rock type was dolomite, with some

particles of igneous and metamorphic rock. The dolomite had well rounded

edges, reaction rims (Photograph C4), and some weathering rims. Horizontal

cores taken from above the upper pool level in both locks had good exterior

surfaces; no cracking was noted. Hairline cracks in both paste and aggregate

were present to a depth of approximately 0.4-ft in cores Pitts-13 CON-60,

CON-1IO, and CON-1L2. Cores Pitts-13 CON-60 and CON-112 were taken from below

the upper pool level on the land face of the middle wall and the land face of
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the river wall, respectively. The exposed surfaces of these two cores were

moderately weathered with exposed aggregate. Photograph C5 shows the con-

dition of the Pitts-13 CON-II2; CON-60 was similar.

19. The concrete paste in the upper elevations of the middle and river

walls was a light gray color. Entrained and entrapped air were present.

Concrete from boring M-1 (Pitts-13 CON-51) contained entrained air although it

was reported in the field logs that it was not air-entrained.

20. The slab of concrete from core Pitts-13 CON-1I2 that was etched in

dilute HCU showed that the rimmed areas on coarse dolomite aggregate dissolved

at the same rate as the nonrimmed areas.

21. The paste concentrates of cores Pitts-13 CON-i, CON-29, CON-51,

CON-60, CON-lI0, and CON-112 showed similar compositions by XRD. Calcium

silicate hydrate (C-S-H), calcium hydroxide (CH), ettringite, and tetracalcium

aluminate carbonate-l-hydrate (monocarboaluminate) phases of hydrated port-

land cement were present in each sample. Hydrogarnet was also identified in

Pitts-13 CON-29. Unhydrated portland cement was detected by XRD in the paste

concentrates, occurring as one or more of the calcium aluminoferrite solid

solution series.

22. The white powder found around the coarse aggregate (Photograph C6)

in sample Pitts-13 CON-I12 contained calcium carbonate as three different

minerals; calcite, aragonite, and vaterite. No other crystalline phases were

identified in the powder.

23. Table C! gives the mineralogical data for several coarse aggregates

examined by XRD. The sandstones examined from concrete in lower elevations

contained mainly quartz, feldspar, mica, and clays. One igneous particle also

contained a monoclinic amphibole. The dark, dense, crushed limestone rock

used in the upper elevations of the land wall was mainly calcite. A trace of

clay mica was also present. The brownish coarse carbonate rock used in the

upper elevations of the middle and river walls contained a large amount of

dolomite. In every case but one, the carbonates (calcite and dolomite) were

about equal in amount, or there was more dolomite. Clay was also present in

these rocks.

24. The examination of pprrographic thin sections made from four con-

crete samples showed both normal hydrated cement paste with C-S-H and CH pres-

ent, and paste that was highly carbonated. The amount of CH present in the

concrete was fairly high for areas that were not carbonated. Isotrcpic
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material that was probably C-S-H gel was abundant in the paste. Unhydrated

portland cement was identified in the thin sections as calcium silicates and

calcium aluminoferrites. The sections made from samples Pitts-13 CON-60 and

CON-112 showed coarse aggregate with euhedral and subhedral crystals of dolo-

mite in a fine-grained calcite matrix. The section made from sample Pitts-13

CON-112 had a portion of the large aggregate seen in the lower center of

Photograph C4. The rock has a reaction rim, but no visible damage or reaction

product at the rock-paste interface was found in the thin section.

Discussion

25. In general, the concrete in the three lock walls appears to be in

good condition and is competent. The damaged concrete is confined to the

lock walls below the upper pool level, and this is minor.

26. The damaged areas are in the exposed ends of the horizontal cores

taken from areas below the upper pool level in the locks. The damage con-

sisted of etched surfaces, leaving aggregate exposed, and as hairline cracks

normal to the direction of coring that extended to a depth of 0.4-ft. The

etching is probably due to chemical action.

27. The XRD results of examination of paste concentrates and the exam-

ination of thin sections using a polarizing microscope showed that some car-

bonation of the paste had occurred. The extent of carbonation is minor,

except in areas near the surface of lock walls where the carbonation occurs

mainly as calcite. Some carbonation has occurred throughout the paste as

indicated by the presence of monocarboaluminate. The resulting hairline

cracks may be due to this carbonation of the paste causing carbonation

shrinkage.
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Table CI

Mineralogical Composition of Selected Coarse Aggregate from

Locks No. 2 Concrete by X-ray Diffraction

Sample Identification
Pitts-13 CON-

1 29 29 51 60 60 110 112

Minerals Agg. 2 1 4 1 1 2 2 2

Clays

Kaolinite X X X X

Clay-Mica X X X X X X

14A Material X

Nonclays

Quartz X X X x X x

Feldspar X

Mica X

Calcite X X X X X X

Dolomite X X X X X

Siderite x

Goethite x
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V4,

PITTS -13 C ON-29

Photograph C1. Concrete from L-7A. The coarse aggregate

is mainly coarse and fine-grained sandstone. The dark
particle near the lower center has a rim of goethite and
a core of siderite. The dark rims are mainly weathered

rims. Some rims are reaction rims
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*UJTS-13 CON-1
Photograph C2. Concrete from L-1. The coarse aggregate

is crushed limestone. No reaction rims are present

PITTS-13 CON- 1

Photograph C3. Surface concrete at L-1. The surface

concrete is in good condition
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rilTS-13 CON-112

Photograph C4. Concrete from R-4. Hairline cracks are
through coarse aggregate and paste. Note the reaction
rim around the aggregate at the bottom center. The
texture of this aggregate is crystalline dolomite with

a matrix of fine-grained calcite
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PITTS -13 CON -112

Photograph C5. Concrete from R-4. This shows the sur-
face concrete in the lock walls. The surface has been

etched. Coarse aggregate is exposed
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Photograph C6. Concrete from R-4. Note the white powder

around the coarse aggregate. The composition of the pow-
der is calcite, aragonite, and vaterite

C12



APPENDIX D: PETROGRAPHIC REPORT, RIVER SEDIMENTS AND FOUNDATION ROCK



I'

Corps of Engineers, USAE
Waterways Experiment Petrographic Structures Laboratory

Station Report P. 0. Box 631
Vicksburg, Mississippi

Project Examination of Rock from Locks and Date I December 1986
Dam No. 2, Monongahela River

Samples

1. Six cores were drilled into foundation material at the site; two

of these cores were drilled through backfill material beyond the land wall.

This material was received at the Structures Laboratory (SL) on 26 February

1986. Descriptions of the material received are shown below:

Field CTD
lLocation and Id. Id. No. Sample Types

Land Wall Backfill Pitts-13 DC-i Slag and gravel backfill. Blue-
JBR WES L-2 to DC-18 gray, brown, and gray shale;

soft to mod. hard.

!Land Wall Backfill Pitts-13 DC-19 Slag, steel, gravel, and clay
BR WES L-5 to DC-33 backfill. Blue-gray, brown, and

gray shale; soft to mod. hard.

ILand Wall Pitts-13 DC-34 Shale, gray and red, soft to
BR WES L-7A to DC-53 mod. hard. Gray shale, silty,

mod. hard to hard.

Middle Wall Pitts-13 DC-54 Gray shale, soft to mod. hard.
BR WES M-1 to DC-65 Brown shale, soft to mod. hard.

Red and gray shale, soft to mod.

hard.

Middle Wall Pitts-13 DC-66 Gray shale, silty, mod. hard.
8R WES M-6 to DC-75

River Wall Pitts-13 DC-76 Gray shale, silty, mod. hard.
R WES R-5 to DC-84

Samples representing three types of shale, distinguished by color, were

selected for testing from the six cores.

Test Procedures

2. All of the cores were inspected in the laboratory, and hand sam-

ples were taken to verify field descriptions. Each sample was then

inspected visually and with a stereomicroscope to determine physical

hharacteristics.
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3. A portion of each rock type sample was air dried, ground to pass a

45-Um (No. 325) sieve, and examined by X-ray diffraction (XRD).

4. Two sedimented slides of clay-sized material (<2 pm e.s.d.*) were

made from the samples containing predominantly clay minerals. Both slides

were examined by XRD following air drying. One slide was X-rayed again after

saturation with glycerol. The remaining slide was heat treated at 350*C for

one hour to dehydrate clay minerals and examined by XRD in a static nitrogen

atmosphere in order to prevent rehydration of the clay minerals during

examination.

5. An X-ray diffractometer with nickel-filtered copper radiation was

used for all XRD work.

Results

6. Blue-gray shale. The sample consisted of bluish-gray (dusky blue-

green, 5 BG 3/2) (The Rock Color Chart Committee 1975)** shale that was soft

to moderately hard, moderately weathered, and very fine grained (<0.1 mm)

(Headquarters, US Army Corps of Engineers (HQUSACE) 1975). The rock contained

numerous healed horizontal fractures and an open vertical joint. Some areas

contained calcareous nodules and iron staining. Major mineral constituents of

the rock were quartz, plagioclase feldspar, and clays. The clay minerals

present were kaolinite, clay-mica, chlorite, and vermiculite.

7. Brown shale. This sample consisted of a moderate brown (5 YR 3/4)

(The Rock Color Chart Committee 1975) shale that was soft to moderately hard,

slightly weathered, and very fine grained (<O.I mm) (HQUSACE 1975). The rock

contained numerous open horizontal fractures and occasional calcareous nod-

ules. Major mineral constituents of the sample were quartz, plagioclase feld-

spar, and clays. The clay minerals identified were kaolinite, clay-mica,

chlorite, and vermiculite.

8. Gray shale. By far the most abundant of the three rock types, this

sample was an olive gray (5 Y 4/1) (The Rock Color Chart Committee 1975),

silty, moderately hard to hard shale. It was slightly weathered and very fine

grained (<0.1 mm) to fine grained (0.1-0.4 mm) (HQUSACE 1975).

* Equivalent Spherical Diameter

** See References at the end of the main text.
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It remained intact when submerged in water. The rock had some iron staining

and contained numerous calcareous nodules. Major mineral constituents were

quartz, plagioclase feldspar, and clay minerals. The clay minerals present

were kaolinite, clay-mica, chlorite, and vermiculite.

9. The mineral composition of all three samples is shown in Table 1.
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Table 1

Mineralogical Composition of Three Samples by X-Ray Diffraction

Blue-Gray Brown Gray
Constituents Shale Shale Shale

Quartz x X X

Plag. Feldspar X X X

Kaolinite X X X

Clay-Mica* X X X

Chlorite X X X

Vermiculite X X X

* Clay-sized mica.
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